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ASTEROTHECA MERIANI (BRONGN.) STUR AND ITS SPORES 
PROM ANE UPPERE TRIASSIC OF LUNZ FAUSTRIS 


D. C. BHARDWAJ & HARI PALL SINGH 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


This paper deals with the morphological study of 
Asterotheca meriani ( Brongn.) Stur, a species of 
ferns from the Upper Triassic of Lunz, Austria, 
well preserved in the form of carbonaceous crust 
on the shales. The frond is bipinnate. Pinnules 
are longer than broad and the venation is typically 
of Pecopteris type. Synangia are circular, borne 
intramarginally, comprising 4 sessile sporangia in 
close cohesion at the anterior end but slightly apart 
at the apical end. Spores are bilateral, circular to 
oval in polar view and indisputably show a longi- 
tudinal ( monolete ) slit, slightly bent in the middle. 


The spore exine is thick and finely granulose. 
= 
F plant microfossils, especially the spores 
and pollen grains from the sedimen- 
tary strata such as shales and coals is being 
increasingly pursued. These spores and 
pollen grains are not only of academic 
interest but are also of significant applied 
value such as in the dating of strata and 
their stratigraphical correlation. But dis- 
persed and isolated as these minute plant 
organs are, they provide little scope for the 
study of such interesting aspects as their 
phylogeny. To enable this, lately investiga- 
tions are being increasingly carried out to 
describe the 7 situ spores from fructifications 
whose systematic position is more or less well 
established. Such studies are of immense 
value in not only that they supply the neces- 
sary clues for better classification and taxo- 
nomy of the dispersed spores but also provide 
us a better understanding of the general 
floral composition represented by the Sporae 
dispersae for floristic speculations. 
The results of investigations reported in 


this paper pertain to Asterotheca meriani 
( Brongn.) Stur and its 7m situ spores. 


INTRODUCTION 


OR the last few decades the study of 


MATERIAL AND METHODS 


Several pieces of fronds of Asterotheca 
meriani preserved as compressions on a dark 
grey shale were collected by one of the 
authors (BHARDWAJ) from near Lunz a. 
See (Austria) in 1954. 
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Horizon — Lunzer Schichten, Upper Triassic. 


The compressions were examined under 
strong reflected light. The transfer prepara- 
tions were made following Walton’s transfer 
method ( WALTON, 1923 ) and studied under 
strong reflected light. The synangia were 
picked up with the help of a needle from the 
transfers and treated separately with com- 
mercial nitric acid for about 24 hours. Then 
the oxidized products were washed with 
water and followed by a treatment with 10 
per cent potassium hydroxide solution for 4 
hours. After several washings with water, 
till the residue was free from alkali, the 
spores thus recovered were mounted in 
Canada balsam. For the recovery of the 
cuticles, the organic crust in the transfers 
was separated with the help of xylol and 
passed through alcohol to bring it to water. 
This organic crust was subsequently mace- 
rated in the usual manner. But the cuticles 
could not be recovered as they probably 
disintegrated on the addition of alkalı. 


DESCRIPTION 


Asterotheca meriani ( Brongn.) Stur 


(For synonyms see KRASSER, 1909, p. 32) 


Leaf — Text-fig. 1 represents the middle 
part of the lamina. Some other blocks give 
an idea of its upper part but nothing is 
known about the basal part. Though As- 
terotheca meriani appears to have had a large 
frond, nothing can be exactly stated about 
its length from this evidence. All the speci- 
mens examined are fully fertile and not even 
one sterile pinnule has been observed so far. 
Midrib of the pinna is broad and conspicuous. 
The pinnules are borne laterally, + opposite 
to each other along the midrib ( PL. 1, Fics. 
1, 2). Each pinnule is spathulate with a 
broadly rounded apex and a wide base. The 
midrib in each pinnule is distinct and sub- 
tends lateral veins which are once forked. 
Beyond the point of bifurcation they slightly 
curve out and then run parallel to each other 
up to the end of the margin ( PL. 1, Fic. 3) 
The structure of the cuticle is not known. 
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TEXT-FIG. 1 — A part of the frond of Asterotheca 
meriani showing the arrangement of pinna and 
pinnules. x }. 


Several efforts were made to recover the 
cuticle by maceration but to no avail. It 
seems that the cuticle in this species is too 
thin and delicate to withstand chemical 
treatment. 

Synangium — The easily noticeable cir- 
cular, pustular swellings or pits indicate the 
position of synangia (Pr. 1, Fıcs. 2, 3). 
These are borne in two rows on each side of 
the midrib ( Pr. 1, Fıcs. 4a, 4b). Generally 
they are situated on the veins, in close proxi- 
mity to the margin of the pinnule. The syn- 
angia may be obliquely pressed ( PL. 1, Fic. 
4a ) largely due to the effect of lateral pres- 
sure during fossilization or vertically pressed 
(Pr. 1, Fic. 4b). The base of the synan- 
gium is broad but it gradually narrows up- 
wards (Pr. 1, Fic. 5). Invariably in each 
synangium 4 sporangia are present, each of 
which has a broad base and a narrowed apex. 
The structure of the sporangial wall could not 
be made out even in the partially macerated 
sporangia. This is probably due to the des- 
truction of the sporangial walls during mace- 
ration. Thus nothing comparable to the 
annulus cells has been detected. 

The sporangia from the basal, middle and 
top portions of the pinnae were separately 
macerated. In some pinnae the spores were 
uniformly mature but in some others, quite 
immature spores, which were held in firm 


union and could hardly be separated from 
each other ( PL. 2, Fics. 6, 7 ), were found. 

Spore — In polar view the spores are more 
rounded than oval. In lateral view the 
proximal side appears slightly flattened but 
the distal side is deeply arched. The mature 
spores show a significant range of variation in 
size within the same sporangium (PL. 2, 
Kre., 9) 

The spores measure on an average 42 u 
but they vary in size from 29-4 to 50 u 
( TEXT-FIG. 2). Most of the spores are sized 
37-8-46-2 u. The exine is finely granulose 
( Pr. 2, Fic. 13). In top focus each granum 
is white, surrounded by a darkened hallow. 
In low focus the hallow becomes bright which 
together with the adjacent ones appears as a 
reticulation, evidently negative in character 
(Pr. 2, Fıcs, 10, 15, 17,178 ) but which car 
easily be confused with true reticulate orna- 
mentation. The exine is +2 u thick in opti- 
cal section. Each spore shows the presence 
of a monolete mark which may be open ( PL. 
2, Fic. 10) or closed. The latter, in polar 
view, is slightly bent in the middle just as in 
a. bow (Pr: 2; Fies. 8, 11,.112,7 13:20 
Occasionally a slitted arm has been seen to 
arise from the median bend in the monolete 
slit, at + right angles to it, resulting in the 
formation of a pseudotrilete mark (Pr. 2, 
Fics. 9, 13-15). It is apparent that this 
third slit is secondary in nature, arising 
presumably as a consequence of flattening 
during fossilization. In partly, laterally 
compressed spores the monolete slit is closed, 
hair thin and the median bend is not clearly 
evident ( PL. 2, Fics. 16, 21, 23). The ends 


NUMBER OF SPORES 
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TEXT-FIG. 2 — Histogram depicting the range of 
variation in the size of the spores in Asterotheca 
meriani. 
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of the slit are not bifurcated. The slit 
measures on an average 26 u. varying from 
20 to 30 x. One of the spores (PL. 2, 
Fıc. 25) shows 4 arcuate lines, opposite to 
each other. These are the marks of tetrago- 
nal compression while the spore was in a 
tetrad condition. These marks are oblitera- 
ted in a matured, free spore. 


DISCUSSION 


Our observations described above enable 
us to invoke discussion on a number of 
aspects relating to the systematics of Astero- 
theca Presl., and its spores. 

It is apparent from the nature of fronds as 
well as the synangium that our specimens 
refer to a typical member of the genus 
Asterotheca. The synangium, which is by 
far the most diagnostic, is intramarginal and 
sessile with the four constituent sporangia 
fused in the lower part but separated in the 
apical region. It has also been observed by 
us that in fossil condition the synangia, if 
vertically flattened, are disc-like, but if 
obliquely flattened, they are more or less 
cylindrical in one and the same pinnule. 
As observed by us, the sporangia are cylin- 
drical yet devoid of any stalk which, even if 
present, must have been negligibly small so as 
to escape detection. In spite of the fact that 
cylindrical synangia and sporangia in the 
opinion of some authors ( ANDREWS, 1943 ) 
answer more to the circumscription of the 
genus Scolecopteris Zenker, the absence of 
synangial stalk has led us to decide in favour 
of Asterotheca. As regards the problem of 
the taxonomic status of Scolecopteris which 
has been included by Hirmer ( 1927, p. 576) 
as well as Radforth ( 1942 ) in Asterotheca but 
contested by Andrews (1943), we are in- 
clined to support the former contention, 
although our specimens tend to show a combi- 
nation of characters, i.e. cylindrical synangia 
and their sessile condition, each of which 
are separately diagnostic of the two contend- 
ing genera. However, we reiterate Andrews’ 
( 1943, p. 436) remark that the range of 
variation in the structure of the synangia 
in Asterotheca (incl. Scolecopteris ) tends to 
be unduly large for a single genus. As the 
value of the chief diagnostic features for the 
genera Asterotheca and Scolecopteris separate- 
ly has been questioned in view of such forms 
as show a combination of the characters 
of both, it is preferable to maintain only the 
combined genus for the time being till its 


monographic revision can bring forth new 
basis for its subdivision. 

The spores of Asterotheca meriani are 
typically monolete. In some other species 
the spores are described to be trilete, e.g. in 
A. parallela ( Kid.) Rad. ( RADFORTH, 1942) 
or Scolecopteris radforthii Andrews ( AN- 
DREWS, 1943). From the description of spores 
given by Radforth, it is apparent that the 
spores examined by him were immature. 
What he has interpreted as a triradiate 
ridge ( RADFORTH, 1942, Pr. 1, Fic. 6-t) 
could as well be the monolete slit with the 
median bend similar to the one so clearly es- 
tablished in our spores. Although Andrews 
(loc. cit.) states that the spores of S. radforthii 
display a triradiate commissure, he has un- 
fortunately not given any photograph to 
enable us to support his observations. Prima 
facie the evidence of a trilete spore occurring 
in Asterotheca is questionable. It seems that 
the spores studied by these authors were 
immature not enabling them to conclude 
precisely on the nature of the slit. How- 
ever, if Andrews’ observations are based 
on mature spores, it will be apparent that 
his species, which unquestionably refers to 
the diagnosis of Scolecopteris, differs from 
the species of Asterotheca by having trilete 
spores. 

As far as observed by us the spores of 
A. meriani are all of one kind, i.e. monolete. 
Such spores which could, if cursorily ex- 
amined, be held as trilete have also been 
shown to be monolete, the third slit having 
arisen secondarily as a crack arising from 
the median bend in the monolete slit. 
This observation also raises some doubt in 
the authenticity of records where the mono- 
lete and trilete spores are said to have 
been found occurring in the same sporan- 
gium. If, however, these records are proved 
to be true, it will be all the more inter- 
esting to know how the monolete or trilete 
spores of such sporangia tend to vary in 
their structure and organization from the 
spores of those plants which produce only 
either of the types of spores. 

Among the genera of Sporae dispersae, the 
spores of A. meriani answer to the circum- 
scription of Latosporites Pot. & Kr. ( 1954). 
Potonié (1956) surmises Latosporites to 
belong in part or full to Calamitales of 
Sphenopsida. Potonié’s opinion is based on 
the figures of spores from the fructifications 
of Calamitales described by Reed (1938). 
On the scrutiny of Reed’s figure ( REED, 1938, 
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Fic. 18) it became apparent that those 
spores could only be referred to Laevigato- 
sporites and not to Latosporites. Thus Lato- 
sporites contains spores of Asterotheca and 
maybe of some other closely allied genera 
as well. 

Now the question arises, to what group in 
the plant kingdom can Asterotheca be re- 
ferred ? Kidston (1924-25) thought that 
Asterotheca in general should be regarded as 
a Pteridosperm. On the other hand, both 
Bower (1908, p. 521) and Scott (1920, 
pp. 253, 254 ) have opined that the synangial 
structure in Ptychocarpus (which has a 
synangium of very much the Asterotheca 
type ) shows marattiaceous affinities and so 
also thinks Radforth ( 1942) that Asterotheca 
can be tentatively considered a marattiaceous 
fern. Hirmer ( 1930 ) has shown that Astero- 
theca truncata represents an intermediate type 
between other species of Asterotheca and 
Crossotheca. The latter genus is well known 
to be pteridospermous. From the general 
morphology of the frond studied by us there 
is no evidence to support one or the other 
viewonthiscontroversialissue. Inthespores, 
but for the nature of the monolete slit, espe- 
cially the median bend in it, nothing is rele- 
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vant to this question. Iy: 
i.e. with a median bend is characteristic of the 


A slit exactly similar, | 


spore genus Schopfipollenites Pot. & Kr., or the | 
microspores of Medulloseae ( RENAULT, 1896, | 


Dolerotheca or Dolerophyllum; HALLE, 1933; 
FrLorin, 1937; Scxopr, 1949 — Whittleseya ). 
Thus the spores of A. meriani and the micro- 


spores of Medulloseae agree only in the 
nature of the slit but differ in size (the | 


latter being 5-10 times bigger) and in the | 


presence of folds and ridges in the latter. 
The organizational similarity in the spores 
of Asterotheca and Whittleseya is evidently 
superficial and hardly suggests that the for- 
mer genus might have been pteridospermous. 
Further it is well known that pteridosper- 
mous leaves possess thick cuticles which are 


easily recoverable by maceration of their com- | 


pressions whereas in Asterotheca meriani the 
leaf cuticle is not recoverable. 
delicate cuticle is a characteristic of fern 
fronds. It is apparent that Asferotheca, in 
spite of the organizational congruity of its 
spores to the microspores of Whittleseya, 
should preferably be regarded as marattia- 
ceous. The similarity of the slit in Lato- 
sporites and Schopfipollenites appears to have 
resulted due to parallel evolution. 
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BHARDWAJ & SINGH — PLATE 1 
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EXPLANATION OF PLATES 


PLATE 


1. Parts of pinnae showing thick midrib and the 
position of the pinnules. x 1 


2. A part of a pinna in Fig. 1 magnified to indicate 
the position of the synangia. Note the round 
pustular swellings or pits. x 3. 

3. A portion of a pinna. Pinnules showing the 
Pecopteris type of venation. x 5. 

4. a & b. Transfer preparations of the fertile 
pinnules showing the circular, vertically pressed 
and elongated, obliquely flattened synangia, res- 
DeCulVveliy << 7. 

5. One synangium showing its four constituent 
sporangia which are slightly apart at the apical 
end. x 90. 


PLATE 2 


6. A mass of immature spores from one sporan- 
gium. x 110. 

7. Some spores isolated from the spore mass. x 500. 

8, 11, 12, 18-20. Spores in polar view. Note the 
longitudinal monolete slit which is slightly bent in 
the middle. x 500. 

9, 13-15. Spores showing a third arm originating 
from the median bend in the monolete slit at right 
angles to it. x 500. 

10. Spore showing an open monolete slit. x 500. 

16, 17, 21-23. Spores laterally compressed with a 
closed, hair thin slit. x 500. 

25. A spore showing the four arcuate lines of 
tetragonal compression. x 500. 


ON THE FRUCTIFICATION OF TRICOCCITES TRIGONUM 
RODE FROM THE DECCAN INTERTRAPPEAN 
SERIES OF INDIA 


Sy DE CHIERATEN. 


Government College of Science, Nagpur 


ABSTRACT 


This paper deals with the investigation of the 
petrified fructification of Tricoccites trigonum Rode, 
and redescribes the fruitinasmuch detail as possible. 
The present material comes from the village 
Mohgaon Kalan, Chhindwara district of the Madhya 
Pradesh, India, where the Deccan Intertrappeans 
are exposed. 

The previous diagnosis of the genus and the 
species is emended. The presence of several 
ensheathing leaves probably enclosing the fructi- 
fication is of great interest since their structure 
resembles most that of Cyclanthodendron Sahnii 
(Rode) Sahni & Surange. The affinities of fruit 
are discussed but left open. Points of resemblances 
are noted to Pandanaceae and certain Palmae, e.g. 
Attalea, a 3-locular, 3-seeded drupe. However, it 
agrees with no existing genus and its classification 


must remain open until more is learnt. 
A tigation of the fruit and fructification 
of Tricoccites trigonum Rode was 
already given by me (CHITALEY, 1956). 
The fruit Tricoccites trigonum Rode is only 
known from the preliminary descriptions of 
Rode (1933) and Sahni & Rode (1937), and 
the fructification has not been described at 
all, apart from a record by Shukla in 1950 
of an axis with twenty fruits. 

The present specimens collected by me 
consist of a few almost complete fruits, a few 
incomplete ones either exposed in obliquely 
transverse section or obliquely longitudinal 
section and two incomplete fructifications with 
closely packed fruits. They all come from the 
village Mohgaon Kalan which lies on the lati- 
tude 22° 10”N. and longitude 79° 11’ 18”’E., 
in the Chhindwara district of the Madhya 
Pradesh, India (Saunı & 1२००४, 1937). 
The outcrops of the Deccan Intertrappean 
Series are to the north-west of the village 
from whence the specimens came. The age 
of this series was once regarded as Upper 
Cretaceous but is now generally regarded as 
Eocene, and it is of special interest as it con- 


tains some of the oldest fully petrified angio- 
spermous flowers and fruits. The present 


INTRODUCTION 
PRELIMINARY report of the inves- 
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specimens are all petrified in chert, but cer- 
tain tissues have disappeared. 


TECHNIQUE AND METHOD 


The ordinary method of slicing the rock at 
different levels followed by the preparation 
of thin sections for the microscopical study 
was used in the investigation, as well as a 
method mentioned by Chitaley (1955) was 
also used for studying the serial sections of 
some of the fruit parts. Etching with HF 
was also tried to see whether it could reveal 
more cellular details of the fruit wall and seed 
contents than the ground sections. Unfor- 
tunately, it did not prove successful. 


DIAGNOSIS OF TRICOCCITES 
(EMENDED ) 


Elongated fructification composed of close 
ly packed sessile fruits, enclosed in several 
ensheathing leaves. Fruit 3-locular, 3-seed- 
ed drupe; shape triangular in transverse 
section, rounded in longitudinal section but 
with more or less flattened ends. Fruit wall 
with three main regions; outer region thin, 
fibrous; middle region broad, divided by 
radial plates of fibrous tissue alternating with 
soft tissue or spaces; inner region richly 
fibrous and thick. Loculi rounded in cross- 
section occupying the angles of the fruit, 
with one vertical large seed in each. Seed 
attached by a placenta extending from the 
base of the loculus up along its outer edge 
(embryo not preserved ). 


DIAGNOSIS OF TRICOCCITES TRIGONUM 
(EMENDED) 


Fructification at least 140 mm. long, with 
crowded fruits on the axis; fruits closely 
packed in such a way that sides of two ad- 
joining ones fit together. Spathe of two 
or more sheaths running along the length 
of the fructification; outermost sheath of 
fructification 3-4 mm. thick, outer surface 
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longitudinally ribbed; interior showing a 
single row of air cavities and numerous scat- 
tered vascular bundles; bundles with vessels 
in a single row; epidermal cells of abaxial side 
radially elongated; underline tissue shows 
radial plates of fibres separated by paren- 
chyma; ground tissue of parenchyma with 
scattered thick-walled cells and cells with 
opaque contents; vascular bundles with a 
separate inner and outer group of fibres. 
Fruit typically 30 mm. long x 30 mm. wide 
(extremes noted as 30-45 mm. long and 
22-40 mm. wide), apex and base typically 
truncate. Exterior of fruit smooth or obs- 
curely ribbed longitudinally (ribs corres- 
ponding to walls of chambers of mesocarp ). 
Mesocarp with about 20 longitudinal cham- 
bers about 5-6 mm. tangentially wide and 
2-5-3 mm. radially wide (in t.s.), chambers 
partly occupied by soft tissue. Septa be- 
tween chambers up to 1 mm. thick. Endo- 
carp solid, fibrous, continued to the centre 
by fibrous septa, 1-2 mm. thick; core of fruit 
fibrous and vascular. Specialized flattish 
tabular cells ( ? stegmata ) abundantly asso- 
ciated with fibrous and vascular bundles. 
Seed elongated, 16-20 mm. x 6-12 mm., 
filling the loculus. Testa of three regions; 
outermost composed of one layer of thin- 
walled cells elongated in a direction longi- 
tudinal to the seed; middle region of about 
5-7 layers of isodiametric moderately thick- 
walled cells with granular contents, inner- 
most region of several layers of thin-walled 
parenchymatous cells with denser contents. 


DESCRIPTION 


Fructification — T found two broken speci- 
mens of the fructification. One, No. 1, has 
eight fruits, the other, No. 2, which is less 
preserved, has ten or more. Neither shows 
the axis. 

Fructification No. 1 is shown in Pl. 1, Fig. 2 
and Text-fig. 1A. It is clearly a piece broken 
tangentially from a larger fossil. Several 
ensheathing leaves lie pressed together just 
outside the group of fruits and I, therefore, 
take this to mark the outer side of the fruits. 
The peculiar arrangement of the fruits is 
shown in Text-fig. 1A; I imagine that if we 
had the whole fructification, the arrange- 
ment would appear more elaborate. I do 
not know if bracts occur subtending in- 
dividual fruits. I searched but found nothing 
convincing apart from a small fleshy structure 
( TExT-FIG. 1B ) in oblique 1.5. of the lower 


end of the fruit. 
perianth lobe. 

Fructification No. 2 is not illustrated. It 
shows fruits packed in the same way but 
its chief value lies in its ensheathing leaves 
which are just as in fructification No. 1 and 
thus support the idea that the sheaths belong 
to the fructification. Fructification No. 2 
is a separate fossil for I found it at some 
distance from fructification No. 1. 

Structure of Ensheathing Leaves — In 
neither fructification is there any organic con- 
nection between the tissues of the fruits and 
sheaths and I imagine that such connection 
would occur at the fructification axis below 
thelevelof the fruits, this part beingunknown. 
All I can say is that the sheaths run along 
the length of each fragmentary fructification 
and lie close to the outer side of the fruits 
(Text-rigw A COOPER PS 
The thick outer sheath in fructification No. 1 
is a fragment 14 mm. long and 3-75 mm. 
thick at its thickest. Its structure in cross- 
section is shown in Text-fig. 2A, and also the 
underlying parenchyma and plates of fibres. 
The parenchymatous ground tissue is thin- 
walled with distinct intercellular spaces 
( TEXT-FIG. 2B). Occasional larger cells are 
reddish brown in both reflected and trans- 
mitted light. Other scattered cells in the 
ground tissue appear white in reflected light 
and dark in transmitted light ( TEXT-FIG. 2, 
A, BN), -I suspectysthis Vise dues to finely 
divided air cavities. Similar cells are found 
in the fruit wall. A few scattered fibre masses 
also occur and some scattered thick-walled 
cells (TEXT-FIG. 2B) are seen at places. 
The adaxial epidermis is composed of ordi- 
nary flattened cells and the hypodermis is of 
horizontally elongated cells (TEXT-FIG. 2C). 

The inner sheaths are much thinner and 
less well preserved. They are about 0-2- 
0-5 mm. thick each and are irregularly 
overlapping each other. 

Outside all these thinner and thicker 
sheaths and little away from them, there is 
an additional leaf or sheath which differs in 
possessing a midrib. Its structure is ill 
preserved but seems to agree with the other 
sheaths. I do not know if it is in its original 
position. 

Fruit —1 found many isolated fruits in 
addition to those in the fructifications. The 
best two are figured in Text-fig. 1, D and E, 
F and H. Neither end is in the least acute or 
acuminate as described by Rode (SAHNI & 
Rope, 1937). I think that Rode’s section 


It could equally well be a 
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must have been a little off median and so 
passed through an angle which would make 
it appear acute or acuminate. Both ends 
are truncate and are so similar that I could 
hardly tell them apart in isolated fruits. 
However, I conclude that the end which 
shows more vascular tissue in sections is the 
base. One oblique 1.5. of the lower end of 
the fruit shows a definite parenchymatous 
scale which might be a perianth member or 
a bract ( TEXT-FIG. 1B). Sections of further 
fructifications are needed to show the nature 
of this scale. 

Fruit Wall— The epicarp has a one- 
layered epidermis and a parenchymatous 
hypodermis of 1-3 layers. Under this is a 
zone with fibre bundles ( TEXT-FIG. 2E). 
The fibres are surrounded by 1-3 or more 
layers of cells isodiametric in t.s. in which the 
contents appear as a ring separated from 
the wall ( TEXT-FIG. 2G). In ls. they are 
slightly elliptical and are in uni-multiseriate 
rows. I suspect they may be stegmata 
(see ahead). Some of these fibre bundles 
include a tiny vessel. 

The mesocarp encloses about 20 ( 18-21 ) 
chambers running along the length of the 
fruit. In the best preserved fruits, chambers 
are partly filled with a thin-walled tissue. 
The inner part of the chamber appears empty 
but this space may have been caused by 
shrinkage of the soft tissue ( TEXT-FIc. 1C ). 
The soft tissue is parenchymatous and shows 
intercellular spaces ( TEXT-FIG. 2D). Some 
of the cells have opaque white contents 
(? air cavities); other cells have reddish 
contents. The fibrous plates include many 
longitudinal vascular bundles surrounded by 
stegma-like cells. 

Cells resembling stegmata ( TEXT-FIG. 2G ) 
occur around the fibre bundles of the fruit. 


The endocarp is composed of fibres and a 
few vascular bundles with vessels. It conti- 
nues inwards along the fibrous septa to the 
fibrous central core where vascular bundles 
are better developed ( TEXT-FIc. 2, E, F ). 

Seed — The three seeds of a fruit are 
almost of the same size, and each almost 
fills its loculus. The attachment of the 
seed appears basal ( though there is doubt if 
I have recognized the base correctly ), and 
the placenta extends up the side along the 
angle of the fruit. The placenta is richly 
vascular ( TEXT-FIG. 1, G, I). The tissues 
of the seed coat were studied in various 
planes of sections. In true transverse section 
the total thickness is about 0:25 mm., made 
up of outer, middle and inner regions. Their 
cells were most satisfactorily seen in a longi- 
tudinal section which passed almost tangen- 
tially through the testa. The outermost 
region, separated from the endocarp by a 
small gap in the fossil and perhaps originally 
in contact is regarded as the epidermis. It 
is a single layer of radially elongated pris- 
matic cells ( TEXT-FIG. 2H). The middle 
region consists of about 5-7 layers of paren- 
chymatous cells with rather thick walls and 
dense contents ( TEXT-FIG. 21). Their shape 
looks similar in different planes of section. 
The innermost region is of several layers of 
thin-walled parenchymatous cells ( TEXT-FIG. 
2J) with granular contents which also 
look similar in different planes of section. No 
other layers in the seed coat were observed 
and nothing definite was preserved of the con- 
tents of any of the seeds. 


DISCUSSION 


History of Tricoccites trigonum — Dr. Rode 
collected his type specimen of Tricoccites 
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TEXT-FIG. 1 — Tyicoccites trigonum: A, piece of rock as seen in situ showing tangential section of 
part of No. 1 fructification; individual fruits cut transversely; spathe seen running along both sides 
of the fruit row. x 4. B, oblique longitudinal section at fruit base showing two loculi (1), fruit wall (f), 
fleshy structure (? perianth) (०), and sheaths (s). Portion shown with large dark dots shows rock 
matrix or ? badly preserved axial tissue. X 2°6. C, two fruits in oblique longitudinal sections; fruit a in 
tangential section of fruit wall, fruit b with two seeds and chambered wall. Outermost sheath (s) of 
spathe showing air cavities (large white areas) and dark cells of ground tissue (small white dots ). x 1:8. 
D and E, single fruit (No. 1) in two views showing triangular shape and fine ribs on fruit wall; apex and 
base indistinguishable, truncate. x Natural size. F and H, single fruit (No. 2) seen from two angles 
showing ribs of fruit wall one of which shows branching (in H, fourth from above aes Natural size. G, 
oblique longitudinal section ( more or less tangential ) through part of fruit (1) showing highly vascular 
placental tissue extending from seed base on its lateral surface; seed coat shown dark. x 2:6. I, oblique 
longitudinal section (more or less radial) through part of fruit (No. 1) showing highly developed 
vascular tissue in lower end of fruit figure ( ? base); large vertical seed in loculus showing attachment 
to fruit wall ( endocarp ); seed coat shown dark. x 2:6. 


Sa See “ARS 


TEXT-FIG. 2. 
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trigonum from Mohgaon Kalan, the locality 
from which I collected the present material. 
He regarded it as Euphorbiaceous and 
named it after Tricoccus. In 1934, in a pro- 
visional list Professor Sahni renamed it as 
Palmocarpon trigonum ( Rode); but in 1937 
Sahni and Rode redescribed it under its ori- 
ginal name Tricoccites trigonum. They gave 
the original diagnosis with some additional 
figures and added the remarks “...it has 
nothing whatever to do with the modern 
Tricoccus or indeed with any dicotyledon ”’ 
In his Presidential Address at the 27th 
Indian Science Congress Session, Professor. 
Sahni mentioned the fruit under the name 
Tricoccites ( Palmocarpon ) trigonum n. com. 
with same figures (SAHNI, 1940). Perhaps 
this may be the same fruit collected and 
described by Hislop (1861) as “...two 
specimens of a fruit with three large seeds, 
separated by thin dissepiments which may 
have belonged to the order of palms ”. 

The Sheath and the Plant of Origin of 
Tricoccites — Both fructifications are wrapped 
in the leafy sheaths, but in neither fragment 
is there any continuity between the fruits 
and sheaths. There are two possibilities: 

(1) The sheaths are part of the same fossil 
and spring from the axis below the 
fruits. 

(2) The sheaths lie next the fruits and 
may have originated from different 
plants. 

Nothing but continuity could prove that the 
sheaths belonged to the fructifications, al- 
though further specimens showing the same 
association would be suggestive. They should 
be sought for. It is only if the sheaths 
belong to the fructification that the remarks 
below would have any value. They are, 
therefore, made very briefly. 


The sheaths show several striking points of 
agreement as seen in t.s. with the leaves and 
leaf sheaths of Cyclanthodendron Sahnii 
(Rode) Sahni & Surange. These include 
the following: 

(1) Both are ribbed (i.e. with crests and 

furrows ) in t.s. 

(2) In both the abaxial epidermis is com- 
posed of prismatic elongated cells, with 
flat outer ends but angular inner ends. 

(3) In both the hypodermis is of similar 
oval cells and is followed by elongated 
plates of fibres separated by similar 
parenchyma. 

(4) The ground tissue in both is of similar 
parenchyma with a few cells with 
opaque contents, and same presence of 
scattered plates of fibres. 

(5) Both have large air cavities in the 
ground tissue. 

(6) The vascular bundles are similar in 
both; the vessels being in a radial row 
and the fibrous sheath being in sepa- 
rate inner and outer parts of about 
equal size. 

(7) In both the adaxial epidermis is com- 
posed of ordinary flattened cells and 
the adaxial hypodermis is of horizon- 
tally elongated cells. 

Differences exist in the arrangement of the 
vascular bundles and air spaces. In Cyclan- 
thodendron Sahni (Rode) Sahni & Surange, 
the vascular bundles and air spaces are 
arranged in a definite system whereas in the 
present specimen the arrangement is not so 
strict. Also I could not recognize any 
stegma-like cells around the fibre bundles 
of the present sheaths. They are said to be 
abundant in the leaf bundles of Cyclantho- 
dendron. The term ‘stegmata’ is used for 
flattish tabular cells which occur next the 
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TEXT-FIG. 2 —Tricoccites trigonwm: A, transverse section of outermost sheath of spathe; the abaxial 
epidermis of elongated prismatic cells followed by one or two layers of oval cells of ?hypodermis which is 
followed intermittently by fibrous plates (individual fibres were not distinct for drawing purpose and 
so shown as in the figure ) ; thin-walled parenchymatous cells of ground tissue with intercellular spaces; one 
dark cell a seen (black). x 225. B, portion of ground tissue of spathe in cross-section; thick-walled 
cell ?idioblast (db); fibrous plate also seen. x 225. C, cross-section of adaxial epidermis of sheath with 
rows of horizontally elongated cells on inner side. x 225. 1), thin-walled parenchyma with intercellular 
spaces from soft tissue of fruit wall. x 160. E, transverse section of fruit wall with outer epidermis 
followed by soft tissue (stippled ) partially filling the chambers and intermittent small fibrous patches; 
three large fibrous plates seen separating three chambers. x 5. F, transverse section of fruit core with 
fibrous bundles (stippled ) surrounded by ?stegmata (dark line); each bundle also contains xylem vessel; 
three layers of seed coats ( outer dark, middle stippled and inner dark ) also seen in three parts of three 
loculi. x 15. G, ?stegmata from fruit wall seen in surface view. x 225. H, epidermal cells of seed 
coat. x 225. I, cells of middle layer of seed coat. x 225. J, cells of innermost layer of seed coat. X 225. 
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fibre masses ( of vascular bundles ) and their 
main character is that they are filled with 
silica during life ( Jackson, 1916). I do 
not see how we can recognize original silici- 
fication in an organ which has been secon- 
darily silicified and so their recognition in 
fossil forms may be doubtful. In modern 
monocotyledonous plants stegmata are to be 
found in a number of families. They are 
prominent only in some members of Pan- 
danaceae and in several members of Palmae. 
They are present ( but rare ) in some sections 
I examined at Kew of the Cyclanthaceous 
genera Carludovica and Cyclanthus. 

The present sheaths are rather poorly 
preserved and certain fine details may have 
been missed. It is emphasized again that 
there is doubt if the sheaths belong to Tri- 
coccites and secondly, if they do, that they 
belong to Cyclanthodendron. The matter 
needs further investigation from better 
specimens. It is worth this investigation 
for the fruits are different from those of the 
living Cyclanthaceae. 

Affinities of Tricoccites — The affinities of 
Tricoccites are discussed without any regard 
to the possibilities that the sheaths belong 
to it and to Cyclanthodendron. 

The presence of numerous, small, scattered 
bundles at the base and in the core of the 
fruit points to Tricoccites being monocoty- 
ledonous. The bundies show no trace of 
secondary wood. Many monocotyledonous 
families have tricarpellary ovaries. Two 
families only have members which include 
the following features: Fructification mas- 
sive and compact; ovary 3-locular with a 
single seed per loculus; placentation not 
axile ( probably basal); ripe fruit a drupe; 
abundance of (? stegmata) around the 
fibre bundles.. These families are Pandana- 
ceae and Palmae. 

Pandanaceae — Although the features of 
Tricoccites occur scattered through the family 


no living member approaches Tricocceites 
closely. Unilocular drupes are more common | 
than trilocular ones, and normally the ovaries | 
have persistent, woody stigmas ( WARBURG, | 
1900). If the ensheathing leaves belong to | 
Tricoccites, they are rather against this) 
family because in Pandanaceae there is a 
single spathe. | 

Palmae — This huge family has a number | 
of genera with trilocular 3-seeded fruits; for 
example Arenga [ where the fruit is, however, 
a berry with a very small development of 
hard endocarp ( DRUDE, 1889)]. The closest | 
agreement I can find in the fruit is with! 
Attalea, a trilocular 3-seeded drupe. There 
is, however, no generic agreement between 
the two, for the fruits of Attalea form a loose 
fructification and are of different shape. If 
the sheath leaves belong to Tricoccites they 
can be readily matched among the palms. 
It seems likely enough that Tricoccites may 
be an extinct genus of the Palmae but we are 
ignorant of many important features such as 
whether there is a perianth (epigynous or 
hypogynous ), whether there are bracts and 
ignorant also about embryo and endosperm. 
Information about these might make it 
closer to the Pandanaceae or might prove! 
that it was unclassifiable in any existing 
family. | 
| 
| 
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EXPLANATION OF PLATE 1 


1. Tricoccites trigonum: obliquely longitudinal 
section through two fruits a and b; spathe sheaths 
(s) seen running along the fruit sides and also 
encircling them from the apical end (bottom 
side of the figure); fruit wall marked... epicarp 
(ep), mesocarp (sr), endocarp (ed), and lcculus 
2). 563: 

2. Tricoccites trigonum: 


fructification (No. 1) 


gaon Kalan ( Chhindwara district). In Palaeo- 
botany in India, VII. J. Ind. Bot. Soc. 29: 29. 
WARBURG. O. (1900). Pandanaceae. Das Pflan- 
zenreich, 3 (IV, 9): 1-97. 
in situ as seen embedded in rock. x 3. (Rock 


sliced, slices present ). 

3. Tricoccites trigonum: tangential section of 
fructification (No. 1) exhibiting individual fruits 
in transverse section. Spathe (s) seen run- 
ning along vertically on the two sides of the fruit 
row. Fruit wall marked... epicarp (ep), meso- 
carp (sr ), endocarp (ed), and loculus (/). x 1:5. 


ARAUCARITES NIPANIENSIS SP. NOV.—A FEMALE 
ARAUCARIAN CONE-SCALE FROM THE RAJMAHAL SERIES 


G. SINGH 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper describes a new species of Araucarites 
(A. nipaniensis) from Nipania, Rajmahal Hills, 
Bihar. The seed of A. nipaniensis is comparatively 
small and is placed on a broad and prominently 
winged cone-scale. 


INTRODUCTION 


Fe India female Araucarian cone- 
EH scales were first described by Feist- 
mantel ( 1876) as Avaucarites cutchen- 
sis Feist. from Kukurbit in Kutch. In 1877 
he reported another species as A. macropteris 
Feist. from Golapili, Madras. Later similar 
specimens were discovered from other parts 
of India and they were redescribed in detail 
by Seward & Sahni (1920) and Sahni 
(1928). Sahni & Rao ( 1933 ) reported few 
impressions of detached cone-scales as A. sp. 
The first petrified and most complete Arau- 
carian cone was described by Vishnu-Mittre 
(1954) as A. bindrabunensis Vishnu-Mittre 
from Bindraban, Rajmahal Hills, Bihar. 
The present specimen is also petrified but 
unfortunately only a single detached ovuli- 
ferous scale has so far been collected. The 
collection was made by me in February 1956 
from Nipania, in the district of Dumka*, 
Santal Parganas, Bihar. 


DESCRIPTION 


The description is based on a petrified 
specimen in counterparts ( Pr. 1, Fıcs. 1, 2) 
obtained by splitting a piece of greyish 
coloured chert. The counterparts are of 
unequal size, one having the major portion 
of the seed than the other. 

Cone-scale almost twice as broad as long, 
2:5x1-3 cm. Laterally very prominently 
winged; distal end tapering to an acute 
point; proximal end not preserved; shape on 
the whole ‘samara-like’. Ligule absent. 


*In all the previous references Nipania was 
mentioned in Amrapara district while Amrapara is 
only a Police Chowki. 


Only surface cells on the lower side} 
of the cone-scale could be studied. Cells; 
arranged longitudinally on the distal end of] 
the seed while on its lateral sides they) 
tend to diverge outwards in a fan-like 
manner (PL. 1, Fic. 35, S). Cells mostly) 
longitudinally elongated, few rectangular} 
sometimes pointed (Pr. 1, Fic. 4; TEXT:-| 
FIG. 2). Lateral and end-walls more or less: 
straight, surface wall not specialized. Sto-# 
mata absent. | 

Seed oval, 6x 3 mm.; placed in थाई 
inverted position on the adaxial side o 
the scale; embedded in the substance of the 
scale. In median longitudinal section the; 
seed seems to be three-layered; cells of the 
outer and inner layer not well preserved. 
Middle layer 3-4 cells thick, cells thick- 
walled, polygonal and irregularly arrangedi} 


| 
(Pr. 1, Fic. 5). Vascular supply not pre-H 
served. 


COMPARISON 


Araucarites nipaniensis differs from A. 
cutchensis Fst. and A. macropteris Fst. in 
having a comparatively small seed placed| 
on a very prominently winged cone-scale. 
General outline of the scale in A. nipaniensis 


TEXT-FIG. 1 — A. nipaniensis n. sp. B.S.1.P. 
26076. x 2/1. The dotted region represents th 
preserved portion of the scale, while the broken! 
lines indicate original margin of the cone-scale. 
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il 


TEXT-FIG. 2 — Surface cells on the lower side of 
the scale. B.S.I.P. slide No. 137.x 75. 


is also very different from these two species. 
Cone-scales of A. bindrabunensis Vishnu- 
Mittre show a marked difference from 
A. nipaniensis in having a prominent ligule 
and detachable seeds. Further, in A. bindra- 
bunensis Vishnu-Mittre the cone-scales are 
small, longer than broad and very narrowly 
winged. Whereas, in A. nipaniensis the 
scale is much broader than long and very 
prominently winged. In the size of the seed 
the present species may be compared with 
A. Brodiei Carr. ( 1869 ) from Stonefield slate 
but the absence of ligule and much broader 
scale of A. nipaniensis does not conform 
with the latter species. 
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EXPLANATION OF PLATE 1 


Araucarites nipaniensis n. sp. 


1. A. nipaniensis n. sp. B.S.I.P. 26076. x 1/1. 

2. Counterpart of the above specimen. B.S.I.P. 
26076. x 2/1. 

3. Median-longitudinal section of the seed along 
with some portion of the scale. S, showing longi- 
tudinal orientation of epidermal cells distal to the 
seed; $, epidermal cells of the scale disposed in a 


fan-like manner diverging outwards lateral to the 
seed. B.S.I.P. slide No. 136. x 15/1. 

4. Surface cells on the lower side ofthe cone-scale. 
B.S.I.P. slide No. 137. x 100. 

5. Stony layer of the integument showing the 
irregular disposition of cells. x 200. 

6. Distal end of thespecimen. B.S.I.P. 26076. x 5/1. 


TRENDS OF SPECIALIZATION IN THE SPOROCARP AND 
SPORES IN THE LIVING AND FOSSIL MARSILEACEAE 
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ABSTRACT 


The paper gives an account of the trends of 
specialization in the structure of the sporocarp and 
spores in three living members of the Marsileaceae, 
Marsilea, Pilularia and Regnellidium, and in the 
only definitely known fossil member of this family, 
belonging to the genus KRegnellidium named as 
Rodeites dakshini by Sahni ( 1943 ), from one of the 
Tertiary horizons of India, the Deccan Intertrap- 
pean Series of Mohgaon Kalan ( Dist. Chhindwara ). 
Apart from morphological differences in shape, size, 
position of spines and their position on a sporocarp, 
it is the sporocarp wall which shows a good deal of 
variation and specialization in the three genera. 
The tabular layers of elongated cells forming a 
column below epidermis, sporoderm, and the mode 
of germination of mega- and microspores differ in 
different species. The spore wall is 4-layered in all 
genera, but the spore size and episporial ornamenta- 
tion are different in them. In the spores of all 
these plants prismatic layer is conspicuous in both 
kinds of spores, but more so in megaspores. The 
sori are bilaterally arranged in the living members 
and also in the fossil member, Rodeites. The sporo- 
carp wall, however, seems to have been less differ- 
entiated in the fossil member, Rodeites dakshini Sahni 
than in the living species Regnellidium diphyllum 
Lind., as the tabular cells are not apparent in the for- 
mer. The raphe, on the other hand, in this member 
is more prominent than that in the living species. 


families, the Salviniaceae and Marsi- 

leaceae, both of which possess a 
structure, sporocarp, in which sori bearing 
mega and microsporangia are lodged. On 
the basis of the morphology of sporocarp, the 
two families are considered to be related to 
Hymenophyllaceae and to two other families, 
the Schizaeaceae or Cyatheaceae. The Marsi- 
leaceae is considered to be related to the 
Schizaeaceae on the basis of its soral struc- 
ture, particularly the indusium. This family 
consists of three genera, Marsilea with about 
65 species, Pilularia having 6 species, and the 
monotypic Brazilian genus Regnellidium, 
with its single species, R. diphyllum Lind. 
The sporocarps in these genera show a good 
deal of variation in their morphology, 
structure of the wall, scales or hairs on them, 
sori, and the method of spore dispersal. In 
Pilularia the round sporocarp arising from 


In comprise two 


the petiole a little above the ground is! 
slightly conical at the top. It is profusely) 
covered with ramental scales or hairs. It) 
gives an impression to be radially sym-! 
metrical, but a careful examination of its! 
serial sections shows bilateral 37 20), 
( TExT-FIG. 2 and Pis. 1, 2, Fies. 7, 208) 
There are four or in some species three or two} 
chambers in it, in which the sori are lodged. 
In Marsilea the kidney-shaped sporocarp is 
definitely bilateral ( TExT-FIc. 3) and the 
coenosorus is partitioned into a number of 
chambers 8-12 on each side ( TEXT-FIG. 3 
and PL. 2, Fic. 19). This number, however, 
varies in different species. In Regnellidium 
the round and large sporocarp is without a 
hump, like that in the sporocarp of Pilularia 
( Text-Fics. 11, 14) or spines as those in 

| 


(| 


Marsilea ( TEXT-FIG. 10). It possesses onl 
a red-coloured raphe. It is also few-cham 
bered, 6-7, and bilaterally symmetrica 
(TEXT-FIG. 1), though externally roun 
(Pr.2, Pies: 18,0 720% 

The structure of the sporocarp wall in 
these three genera is quite different ( TEXT | 
FIGS. 4, 6, 7-9 and PL. 1, Fies> 1-3) 8 
Marsilea the wall having peltate scales or 
hairs is heavily thickened and mucilaginous 
(Text-ric. 7 and Ps. 1, 2, Fıcs. 2, 19), 
Two distinct layers of elongated, tabular 
cells lie below epidermis, in close association 
with the parenchymatous layers secreting 
mucilage and filling the cavities of the 
chambers ( TExT-FIG. 7 and PL. 1, Fic. 2). 
In Pilularia the outer epidermis is not thick, 
but there are two contiguous layers of cells 
below it having heavy sclerenchymatous 
thickening on opposite sides ( TEXT-FIG. 6 
and PL. 1, Figs. 3, 7). These two layers 
constitute a strong, subdermal, thick wall in 
the sporocarp of Pilularia ( TEXT-FIG. 6 and 
Pr. 1, Fic. 3-scl.). The cells below thes 
thick subdermal layers are mucilaginous an 
they fill the cavities of sporocarp chamber 
(Pıs. 1, 2, Fics. 7, 20). In Regnellidiu 
the wall of the sporocarp is quite massiv 
TEXTE anderes 18-scl.). It 
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TEXT-FIGS. 1-9 — Sporocarp and its wall in the Marsileaceae. ( Abbrev.: ep, epidermis; scl, scleren- 
ıymatous cells; st, stomium; tb, tabular, columnar palisade-like cells: 2, parenchyma secreting mucilage; 
4, microspores; mg, megaspores; p, prismatic layer; ep, warty episporium; end, double-layered endospor- 
Im; ap, appendages.) 1-3—T.S. of sporocarps showing bilateral symmetry in Regnellidium, Pilu- 
vt and Marsilea. 1, Regnellidium diphyllum Lind. T.S. of sporocarp. X 6. 2, Pilularia americana 
. Br. T.S. of sporocarp. x 13. 3, Marsilea poonensis Kolhat. T.S. of sporocarp. x 13. 4, Regnellidium 
phyllum Lind. T.S. of sporocarp wall. x 44. 5, Ibid. A megaspore of the same lying below micro- 
orangia. X 44. 6, Pilularia americana A. Br. T.S. of sporocarp showing structure of the sporocarp 
all and two microspores below it engulfed in mucilage. x 166. 7, Marsilea poonensis Kolhat. 1.5. 
sporocarp showing epidermis with a stomium (st), small tabular cells, elongated palisade-like cells below 
em, parenchyma secreting mucilage, a vascular bundle (vb) and a sporangium with two developing 


egaspores. x 166. 8, 9, wall of the sporocarp in young sporocarps of Regnellidium diphyllum Lind. 
owing differentiation of the tabular cells in young condition. x 166. 
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contains elongated tabular cells below epi- 
dermis and several layers of parenchymatous 
cells, about 15, traversed by mucilage ducts 
and vascular bundles. The elongated cells 
become differentiated at a very early stage in 
the development of the young sporocarp 
( TEXT-FIGS. 8, 9). The mucilage-secreting 
cells are very conspicuous in the subdermal 
tabular cells of this genus. The sori and 
spores lie fully enveloped in the mucilage 
secreted by these cells in all species 5 the 
three genera ( TEXT-FIGS. 1-7 and Pr. 2, Fics. 
17-20 ), but the development and extent of 
the tabular, parenchymatous and mucilage- 
secreting cells in the sporocarp of different 
species of Marsilea and Pilularia greatly 
vary ( TEXT-FIGS. 2-7 and PL. 1, Fics. 1-3 ). 

Dehiscence of the sporocarp in Marsilea, 
as is well known, is by means of a long 
mucilage cord, the sorophore, to which the 
sori are attached ventrally ( TEXT-FIG. 10). 
It emerges generally from the distal end of 
the sporocarp and is quite long, several times 
longer than the sporocarp. In Pilularıa the 
sporocarp lies just in flush with the soil and 
dehisces by means of more than one valve or 
pores at the top, generally 3 or 4, producing 
a drop of mucilage which, absorbing water, 
enlarges considerably ( TEXT-FIGS. 11, 14). 
The spores are spread init. They germinate 
on moist soil of the pond in which the plants 
grow and produce sporophytes which root in 
the soil. In Regnellidium the sporocarp 
dehisces irregularly and gives out a large 
irregular mass of mucilage, in which nume- 
rous sori containing both mega- and micro- 
spores lie together in the mass of mucilage 
secreted ( TEXT-FIG. 12 andiPr. 2, FıG.-47). 

The development of microspores and 
megaspores lu the three genera proceeds 
more or less along a similar pattern of the 
Polypodiaceae up to 16 spore mother cells 
stage. But after that, the development of 
the mega- and microsporangia becomes 
different in different species. However, in 
all species, 16 microspore mother cells divide 
to form 64 microspores, or sometimes less 
due to sterilization and apogamy. In mega- 
sporangium, on the other hand, megaspore 
tetrad or tetrads in different sori lie mixed 
with young microspore mother cells and 
young spores ( TEXT-FIG. 18 and PL. 1, 
Figs. 5-7). They show a characteristic 
development further. Of the 16 spore 
mother cells only a few, generally one or two, 
develop at the cost of the developing micro- 
spores in various stages, which eventually 


degenerate, resulting in a varying number of 
megaspores in each sporangium (cf. TEXT- | 
FIGS. 13, 17, 29 and PL. 1, Fics. 4-7). Conse:| 
quently in different species of Marsilea’ 
and Pilularia, and in Regnellidium diphyllum | 
the number of megaspores in a ripe sporocarp | 
varies (Pıs. 1, 2, Fics. 4-7 and 20, 23).| 
The largest number of megaspores is in 
Regnellidium ( PL. 2, Fics. 17, 23), next to | 
that in Pilularia ( Pus. 1, 2, Fics. 7, 20) and ॥ 
the smallest in Marsilea ( PL. 1, Fic.5). In} 
different species of Marsilea this number ||] 
varies from 1 to 9 per sporocarp. In Regnel- | 
lidium diphyllum there are 40-80 megaspores 
engulfed by numerous microspores lying in a 
mass of mucilage. In Pilularia the number ||] 
of megaspores is also generally large, but in ||] 
some species it is comparatively small, vary- 
ing from 8 to 25 ( cf. Pıs. 1, 2, Fics. 7, 20% 
Both mega- and microspores lie together in |] 
the mucilage collected in sori lying in cham- 
bers. The mucilaginous mass is mostly 
dorsal ( Pr. 2, Fic. 19) and in the form of a |}! 
cord in Marsilea ( TEXT-FIG. 10), globular. 
and lying in the distal terminal half in 
Pilularia, and spread all around the sporocarp /# 
in Regnellidium ( TEXT-FIG. 17 and PL. 2, | 
Fıc. 17). The peculiarities of the wall struc- 
ture and the mucilage-secreting cells, thus, 
largely account for the difference in the mode 
of dehiscence of the sporocarp in the three | 
genera and in their different species. It |} 
looks as if the whole sporocarp of Marsilea-| 
ceae, after early stages, is a large mucilage jf} 
or gelatine-secreting body, in the midst of 
which the sori and spores get dispersed. 
Spores in the Marsileaceae, like the sporo- 
carp wall, greatly differ in the three genera, 
but all of them have some common features, 
namely the presence of mucilage and other 
substances in the spore wall which enable} 
them to absorb lot of water and to | | 
The sporoderm is four-layered, the most |} 
conspicuouslayer amongst them being second 
which is prismatic, and lies below warty | 
perine. The exospore in mega- and micro-| 
spores in Marsilea has the least thickening | 
( TEXT-FIGS. 15, 19 and PL. 1, Fics. 10, 15 % 
The triradiate mark is clear in microspores 
(TEXT-FIG. 15), but not in megaspores 
(Pr. 1, Fie. 15). The latter is throwsil 
off during germination and a mucilage funnel 
develops around this projection after its lid | 
or the upper portion is thrown off. The 
spermatozoids are caught in this funnel 
of mucilage. In Pilularia and in Regnel- 
hidium the mega- and microspores have! 
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TEXT-FIGs. 10-22 — Mode of dehiscence of sporocarp in the Marsileaceae and the mega- and micro- 
spores. 10, Marsilea poonensis Kolhat. Dehisced sporocarp showing sorophore and sori. X 3 approx. 
11, Pilularia minuta Dur. A sporocarp dehiscing by apical pores and throwing out a mucilage drop. X 5. 
12, Regnellidium diphyllum Lind. A sporocarp broken open, from which a large mass of mucilage with 
sori and spores has come out. x 3 approx. 13, Marsilea poonensis Kolhat. A sorus showing a single 
sporangium with three developing megaspores. X 63. 14, a dehiscing sporocarp of Pilularia americana 
A.Br. throwing out a mass of mucilage containing mega- and microsporangia and spores. x 5. 15, Marsilea 
poonensis Kolhat. A microspore. x 240. 16, a microspore of Pilularia americana A.Br. x 240. Note the 
different layers in the spore wall. 17, Regnellidium diphyllum Lind. L.S. of megaspore showing pris- 
matic layer in the sporoderm and terminal appendages (ap) and two microsporangia cut transversely. 
x 44. 18, Regnellidium diphyllum Lind. A microspore. x 166. Note the prismatic and other layers 
of sporoderm. 19, Marsilea poonensis Kolhat. L.S. of megaspore. x 441. 20, L.S. of sorus of Pilularia 
americana A.Br. showing sporangia with a megaspore showing prismatic layer (pr), terminal cluster of 
appendages (ap) and the rim formed by the prismatic layer around the apical appendages. x 44. 
21 Rodeites dakshini Sahni. L.S. of megaspore having outer prismatic layer and thick inner layer sur- 
rounded by microspores. x 44. 22, Rodeites dakshini Sahni. L.S. of microspore of the same showing 
prismatic layer. x 166. 
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curious appendages at their top ( TEXT- 
Fics. 5, 16, 20, 21 and Pro J'AFIGS 800 
11-14). The spore wall is uniformly thick- 
ened in Regnellidium and has four layers 
( PL.-1, Fics.9, 13, 14). The outermost 
of these is warty and the second below it 
is prismatic ( TExT-FIGs. 17, 18 and PL. il, 
Fics. 9, 13, 14-pr.). The other two inside 
belong to endosporium, one thick and dark 
and the other shining and transparent. In 
Pilularia also the spore wall has four layers 
( TEXT-EI6S- 16, 20 and’ PL. 1, Pics:a7 21 
12, 16), but the prismatic layer formsakind 
of inflated rim or a constriction at the top of 
megaspore in some species ( TEXT-FIG. 20 and 
Pr. 1, Fıcs. 12, 16). The inflated wing-like 
layer helps the spores in floating erect. 
The two layers of endospore form a cone or a 
papilla at the top of the mega- and micro- 
spores ( TEXT-FIG. 20 and PL. 1, Fic. 16). 
As the megaspores swell, this cone of appen- 
dages opens out and allows the papillate 
prothallus to come out, especially after the 
embryo has been formed. In Regnellidium 
the terminal appendages of mega- and 
microspore form a twisted, quincuncial 
funnel-shaped apparatus, highly character- 
istic of this genus ( TEXT-FIGs. 5, 17, 18 and 
Pr. 1, Pies. 8,-9,713, 14). Ihe microspores 
adhere to these appendages of megaspores as 
in Pilularia, and facilitate thereby fertiliza- 
tion like the glochidia of Azolla. The whole 
mechanism of the sporocarp and spore dis- 
persal thus seems to depend largely on the 
peculiar structure of the sporocarp wall, 
the sporoderm, and the capacity of spores to 
absorb water from surrounding mucilage. 
The latter also helps spores in germination or 
toremain dormant during the period of desic- 
cation, which is spread over several years 
sometimes. Very often when the mucilage 
gets hardened, germinating spores are not 
much affected thereby. This method of 
bringing spores closer for fertilization with 
the help of mucilage secreted strongly 


reminds one of the mucilage drop mechanism 
in pollination and fertilization met with in 
some gymnosperms. 
Fossil history of the Hydropteridineae | 
clearly shows that the Marsileaceae is essen- | 
tially a Tertiary family. The only definite | 
member of this family so far known is the | 
genus Rodeites discovered by Sahni and Rao | 
(1940) in the Tertiary Flora of the Deccan 
Intertrappean Series of India. The sporo- 
carp of this member and its other parts are 
fairly well preserved in cherts at Mohgaon 


Kalan (Dist. Chhindwara), and at a few | 


other places such as Vikarabad ( SHARMA, | 
1947). The species was named Rodeites | 
dakshini Sahni by Sahni (1943) after the | 
discoverer of this locality, Dr. K. P. Rode of ||] 
the University of Rajputana. This fossil |} 
species has a sporocarp which is bilaterally |! 


symmetrical and has 6-7 chambers on either | | 
It contains J 


side (PL, <2; 1 5 322 213). 
numerous megaspores fully packed in the | 


midst of microspores in several sori ( PL. 2, | | 
Fics. 21, 22, 25, 26), like those in the ij 


present-day Regnellidium diphyllum ( cf. 
Pr. 2, Fies. 21, 24 and Fıes. 22,237 250 
The sporocarp here, however, is more ellip- 
tical and elongated, about 10 mm., than 
that in the living species, R. diphyllum, where 
it is round, about 6-7 mm. in diameter. 
The raphe appears to have been more pro- 
minent in the fossil member ( PL. 2, Fic. 
21-r). The sporocarp wall also is not much 
differentiated into tabular and parenchy- 
matous cells (Pr. 2, Fic. 26-5) as in the 
liying species (cf. PES 1,22, Fıess1720% 
For example, in the fully matured fossil | 
sporocarp shown in Pl. 2, Fig. 26, there are | 
only 10-12 rows of parenchymatous cells 
but no elongated palisade-like cells. The 
number of megaspores per sporocarp appears 
to be larger in the fossil species, 80-120, than 
in the living having 60-90. The spore size | 
and their ornamentation are more or less | 
similar (see table below ), but the sporocarp 


—_- Ss —— —cdquUuısiijkkekekh HE 33००3» 


SPECIES SIZE OF THE 
SPOROCARP, 


mm. 


Marsilea poonensis Kolhat PD x SO 
Pilularia globulifera L. BO Se 
Pilularia americana A.Br. 35x 40 
Regnellidium diphyllum Lind. 70x 6:0 
Rodeites dakshini Sahni ca. 7:0 x 13-0 
All measurements are b 


THICKNESS OF MEGASPORE MICROSPORE 
THE SPOROCARP DIAMETER DIAMETER 
WALL u u 

u 
310-375 660 x 840 45-60 
156 365 x 425 45 
225 312 x 425 45 
416-525 600 x 580 40-50 
ca. 420 ca. 600 x 550 ca. 47 


ased on an average of ten counts. 
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wall and sporoderm are less thick in the fossil 
species than in the living. 

The ornamentation of the sporoderm and 
size of the spores in fossil and living species 
being similar, there is no doubt that the 
spores in the fossil species were fully matured; 
and hence the sporocarps that produced 
them must also have been fully ripened 
wer; Pr. 2, Fıcs. 23, 26). The mode of 
dehiscence in the fossil species, however, 
seems to have been somewhat similar to, 
but intermediate between, that in the 
sporocarps of Pilularia and the present-day 
species of Regnellidium, since the sporocarp 
wall of the fossil species Rodeites dakshini 
has no conspicuous layers of elongated 
tabular cells, found in the living species 
of both Regnellidium and Pilularia. It is 
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these cells which greatly help in the expul- 
sion of mucilage engulfing sori and spores. 
There is a definite mechanism of maintaining 
connection between epidermis of sporocarp 
and mucilage secreting cells below, which 
will be described later. 
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EXPLANATION OF PLATES 


PLATE 1 


Figs. 1-16 — Structure of the spovocarp wall, sori and 
spores in the Marsileaceae. 


1. Regnellidium diphyllum Lind. Sporocarp wall 
showing epidermis (ep!) layers of tabular cells (0), 
elongated mucilaginous cells (mc), and parenchyma 
below them (pP). x 45. | 

2. Marsilea poonensis Kolhat. showing different 
layers of sporocarp wall. X 45. 

3. Pilularia americana A.Br. Sporocarp wall 
showing different layers. x 45. Note the two 
sclerenchymatous layers (scl) below epidermis (ep). 

4. Regnellidium diphyllum Lind A microspor- 
angium with microspores. X 15. ; 

5. Marsilea poonensis Kolhat. A sporangium 
showing mega- and microspores. x 22. 


6. Pilularia globulifera Linn. Sporangium show- 
ing microspores. X 22. 

7. Pilularia globulifera Linn. One-fourth sectant 
of a sporocarp showing mega- and microsporangia. 
se, 

8. Regnellidium diphyllum Lind. A developing 
megaspore and a group of microspores above it. 
x 40. 

9. Regnellidium diphyllum Lind. A microspore 
magnified to show the prismatic and other layers of 
sporoderm. x 150. ; 

10. Marsilea poonensis Kolhat. Two microspores, 
x 80. 

11. Pilularia americana A.Br. 
80. 

12. Pilularia globulifera Linn. A  megaspore 
magnified to show the wing formed by the prismatic 
layer of the sporoderm. x 75. 


Microspores. X 
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13. Regnellidium diphyllum Lind. A fully devel- 
oped megaspore showing five appendages at the top. 
x 40. 

14. The same in V.S. x 60. Note the prismatic 
layer (pr), warts on epispore ( ७ ). 

15. Marsilea poonensis Kolhat. A megaspore 
showing the central cavity and plug. x 22. 

16. Pilularia americana A.Br. A megaspore. x 22. 


PLATE 2 


Figs. 17-27 — Sporocarp in the living and fossil 
Marsileaceae. 


17. Regnelhdium diphyllum Lind. A dehisced 
sporocarp showing mass of mucilage in which spores 
are germinating. Note the large megaspores ( mg ), 
and numerous microspores (mi) lying in the mucilage 
thrown out by the sporocarp (sp). X 1°5. 

18, 19. Sporocarp of Regnellidium diphyllum Lind. 
and Marsilea poonensis Kolhat. showing bilaterally 
arranged sori. X 10. 

20. Pilularia americana A.Br. T.S. of sporocarp 
showing four chambers, each containing several 
megaspores and some microspores. X 10. 


21. Rodeites dakshini Sahni, a fossil species of 
Regnellidium from the Deccan Intertrappean Series 
of Mohgaon Kalan (Dist. Chhindwara; Age, Eocene). 
V.S. of sporocarp showing bilaterally arranged 
sori, thin wall (w) and prominent raphe (7). 5. 

22. Ibid. Thesame magnified to show the mega- | 
spores(mg). lying in the midst of numerous micro- | 
spores (mi). x 10. 

23, 24. Regnellidium diphyllum Lind. T.S. of | 
sporocarp showing bilateral distribution of sori | 
containing mega- and microsporangia. Compare | 
Figs. 21 and 22 with Figs. 21 and 24, Fig. 22 with 
131,925 Se AIOE | 

25, 26. Rodeites dakshini Sahni. Median L.S. of | 
sporocarp showing mega and microsporangia and | 
spores. x 5. Note the elliptical elongated shape 
of the sporocarp in Fig. 26 as contrasted with | 
the round shape of sporocarp in Regnellidium 
diphyllum Lind. shown in Pl. 2, Figs. 18 and | 
24 


27. Rodeites dakshini Sahni. Sporocarp wall | 
magnified to show epidermis (ep ), parenchymatous | 
cells (p) below it, dark cells (dp), probably muci- 
laginous, megaspores ( mg), and microspores (mi) 
x 20. Note that elongated tabular cells are not 
obvious. 
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SAPINDOXYLON INDICUM SP. NOV., A NEW FOSSIL WOOD 
FROM THE TERTIARY BEDS OF SOUTH INDIA 
G. K. B. NAVALE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new species of fossil dicot-wood from the 
Tertiary beds of South India is described in detail 
and named Sapindoxylon indicum sp. nov. The 
genus Sapindoxylon is reported for the first time 
from India. 


INTRODUCTION 


18 HE presence of dicot-woods in the 
I rocks of Cuddalore Series ( Tertiary ) 
was first recognized by Ramanujam 
(1954). He recorded woods belonging to 
Guttiferae, Dipterocarpaceae, Anacardiaceae, 
Leguminosae, Sonneratiaceae and Euphor- 
biaceae. He also described in detail, Caesal- 
pimoxylon sitholeyi (1954), Acacioxylon in- 
dicum ( 1954), two new species of Terminali- 
oxylon Schonfeld ( 1956 ) and fossil woods of 
Dipterocarpaceae (1955) and Euphorbia- 
ceae (1956). The rich occurrence of petri- 
fied woods in these beds of South Arcot 
prompted further investigations of this fossil 
flora. In a recent paper I have described 
(1955 ) two new species of Terminalioxylon. 
The presence of Sapindoxylon wood adds 
further to our knowledge of the fossil flora 
of this area. 


MATERIAL AND METHODS 


The material was collected in the village 
Tiruchitambalam, South Arcot .district, 
Madras. It is situated few miles W.N.W. 
of Pondicherry. Sandstones form the chief 
component of these rocks. They are various- 
ly coloured, loose textured, often ferruginous, 
argillaceous and gritty. The age of these 
beds is believed to be ranging from Pliocene 
to Miocene (WapiA, 1953; KRISHNAN, 
1949). Fossil woods are embedded in the 
sandstones or sometimes scattered on the 
surface. Petrifactions are grey to light grey 
in colour. Only secondary xylem is present 
which is fairly well preserved. Anatomical 
details of the fossil woods were studied in the 
glycerine medium. Stains were not used as 
the natural colour of the rocks, possibly 
ferruginous, revealed the internal structure 
of the fossil fairly clearly. 
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DESCRIPTION 


Sapindoxylon indicum sp. nov. 
Pl 1, Figs. 1-6; Text-figs. 1, 2 


Diagnosis — Growth rings not distin- 
guishable. Vessels small or medium-sized, 
ranging from 105 to 200 u, solitary or more 
frequently in radial groups of two or three; 
perforation simple with numerous pits. 
Parenchyma scanty, limited to few cells 
round the vessels. Xylem rays homo- 
geneous, uniseriate, 3-20 cells high and 
14-20 u broad. Fibres libriform, septate, 
1165-1400 u long and 14 u broad. 

Growth rings are not distinguishable either 
with the help of the hand lens or under the 
microscope. 

Vessels are visible to the naked eye. They 
are seen as small or medium pores in the 
cross-section (Pr. 1, Fic. 1). The dis- 
tribution of vessels is not even. They are 
widely spread in the ground mass of the 
wood. Vessels are typically in groups of two 
or three or even more (PL 1) Kıcs. 1,4; 
TEXT-FIG. 1). They are usually filled with 
solid deposits, often gum-like or crystals and 
tyloses (Pr. 1, Fic. 4). The vessels are 
flanked on either side by rays ( PL. 1, Fic. 1; 
TEXT-FIG. 1). The size of the vessels ranges 
from 108 to 165 u in tangential diameter and 
120 to 200 y in radial diameter. Vessel seg- 
ments are linear in shape, the length of 
which ranges from 135 to 545 u. The 
vessels are thin-walled, elliptical, or oval in 
shape. Some of these are seen with oblique, 
vertical septa indicating division of the pore 
to form radial groups (Pr. 1, Fics. 1, 4; 
TEXT-FIG. 1). Perforations are not clearly 
visible due to the presence of heavy deposits 
in the vessels. However, at some places 
simple perforation can be seen. Intervas- 
cular pitting is typically alternate, consisting 
of simple, hexagonal pits ( PL. 1, Fic. 6). 

Parenchyma is characteristically scanty 
RIES RIES EA NTEXI FIG 1). Ss 
present near the vessel and is usually 
paratracheal (Br. 1, Ries. v1, 4) ता 
FIG. 1). Other types of parenchyma, namely 
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TEXT-FIG. 1 — Sapindoxylon indicum sp. nov. 
Cross-section showing the distribution of the radial 
vessels, and the scanty paratracheal parenchyma. 
x Ca. 140. 


apotracheal and metatracheal, are not found. 
Cells of the parenchyma are small, thin, oval 
in shape (Pr, 1, Fie. A). The’size’of the 
cells vary from 25 to 30 u. Elsewhere the 
parenchyma is rather difficult to differen- 
tiate from other cells which form the ground 
mass of the fossil wood. 

Rays are conspicuous and contiguous to 
both sides of the vessel. The number of 
rays range from 8 to 19 per sq. mm. as seen in 
cross-section (Pr. 1, Fic. 1; TEXT-FIG. 1) 
as well as in tangential section (Pr. 1, 
Fic. 3; TEXT-FIG.2), xylem rays are pro- 
minent, numerous and are separated by 
fibres ( Pr. 1, Figs. 1,4). Striking feature 
of these rays is that they are mostly uni- 
seriate and homogeneous (Pr. 1, Fic. 2; 
TEXT-FIG. 2). They are usually composed 
of upright cells ( Pr. 1, Fıc. 5 ), the height of 
which is more than the width. The size of 
the rays varies from 10 to 15 & in diameter 
and 3 to 20 cells in height. Ray cells are 
thin, oval, and measure 10-15 u in diameter 
( PL. 1, Fic. 2; TEXT-FIG. 2). - They are not 
filled with deposits. 


od 
TEXT-FIG. 2 — Sapindoxylon indicum sp. nov. 
Tangential section showing the uniseriate, homo- 
geneous rays. x Ca. 140. TEXT-FIG. 2. 
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Fibres are thick-walled and form the 
ground mass of the wood ( PL. 1, Fıcs. 1, 4). 
They are elongated and medium in length. 
In transverse section each fibre cell is round 
in shape, thick, and measures 14 u in width 
(Pr. 1, Fic. 4). The length of each fibre is 
1168-1400 u. Generally some deposits seem 
to be present in the fibre cells. 


COMPARISON WITH MODERN FAMILIES 


The fossil specimen shows certain simi- 
larities in its anatomical structures with 
some members of the modern families such 
as Anacardiaceae, Burseraceae, Rutaceae, 
Simarubiaceae, Aceraceae, Combretaceae, 
and Sapindaceae ( METCALFE & CHALK, 1950; 
PEARSON & Brown, 1932, CHOWDHURY, 
1945; Mott & Janssonius, 1908). 

Few members belonging to Anacardiaceae 
resemble the fossil in having medium type of 
vessels, scanty nature of parenchyma and 
uniseriate rays. However, this family stands 
apart owing to the invariable occurrence of 
intercellular canals in the secondary wood 
and also in the arrangement of vessels and 
the rays. Generally in this family, vessels 
are ring porous type and rays are multi- 
seriate. 

Woods of Burseraceae possess small to 
medium-sized vessels with hexagonal plates, 
paratracheal, vasicentric, scanty parenchyma, 
rays which are uniseriate and few. These 
features are comparable to those of the fossil 
although the woods of Burseraceae differ in 
having intercellular canals in the secondary 
wood. 

The radial type of vessels with simple 
perforation, exclusively uniseriate rays and 
the septate fibres of meliaceous woods 
are like those in the fossil specimen but 
their characteristic, paratracheal, vasicentric, 
aliform, confluent parenchyma constitutes a 
major difference, apart from other variations. 

The typical multiple vessels and the 
exclusively uniseriate rays are the features 
of the family Rutaceae which can be com- 
pared with those of the fossil but the woods 
of Rutaceae differ in the nature of their 
parenchyma which is usually paratracheal, 
vasicentric, and the fibres which are non- 
septate and simple. 

The genus Terminalia of Combretaceae 
resembles the fossil in having multiple 
vessels, uniseriate rays, but the nature of 
parenchyma and the pits in the two are 
different. In Terminalia, parenchyma is 


generally paratracheal, vasicentric as well as 
aliform and the pits are vestured in con- 
trast to my fossils where the parenchyma is 
very scanty, almost restricted to a few cells 
and pits are simple. 

Some woods of Simarubiaceae show certain 
features in common with the fossil. How- 
ever, they differ in having ring porous 
type of vessels and multiseriate nature of 
rays. 

Woods of Aceraceae also show certain 
similarities to the fossil but they generally 
have multiseriate rays with cells of different 
sizes and spiral parenchyma. 

The moderate to small-sized, solitary or 
radial vessels, scanty parenchyma which 
consists of few cells round the pores, libriform 
septate fibres, and unseriate homogeneous 
rays as found in the fossil constitute a set of 
features met with in some genera of the 
family Sapindaceae. 

Among these, the woods of Pometia, 
Arytera, Mischocarpus and Schleichera show 
similarities in many anatomical characters. 

In Pometia (MoLL & JANSSONIUS, 1908; 
METCALFE & CHALK, 1950) the woods re- 
semble the fossil under consideration in some 
features, such as in having scanty paratra- 
cheal parenchyma, mostly uniseriate, homo- 
geneous rays, and libriform fibres, but at the 
same time they differ sharply in the nature of 
the vessels and the parenchyma. In Pometia, 
the vessels are usually solitary, large in size, 
ranging up to 280 u. with distinct striations 
due to coalescent appertures and the paren- 
chyma is slightly metatracheal in addition to 
the scanty paratracheal type. 

The woods in the genus Arytera (MOLL & 
JANSSONIUS, 1908) matches well with the 
fossil. The parenchyma is usually scanty, 
confined to the region of vessels, rays are 
mostly uniseriate, homogeneous and the 
fibres which form the ground mass of the 
wood are libriform. It differs from my 
fossil in having small vessels, 25-30 per sq. 
mm., and scattered cells of parenchyma in 
the ground mass of the wood. 

Woods of Mischocarpus (MOLL & JANS- 
sonius, 1908) also agree in many features 
such as the scanty nature of parenchyma, 
uniseriate homogeneous rays and thick 
fibres. However, they differ in having 
smaller vessels, a larger number of which are 
usually grouped together and also in having 
scattered cells of parenchyma along with the 
scanty paratracheal type of parenchymatous 
cells in the region of the vessels. 
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The genus Schleichera ( METCALFE & 
CHALK, 1950; PEARSON & Brown, 1932) 
resembles in most of the structural details 
with the fossil. The resembling features are 
the medium-sized vessels, scanty paratracheal 
parenchyma, extremely fine, mostly uni- 
seriate, homogeneous rays and thick-walled 
fibres. Although the fossil agrees in many 
features with this genus, yet some differences 
are also observed in the nature of the rays 
and the fibres. 

Sapindoxylon as constituted by Kräusel 
(1920) is the genus which includes fossil 
woods showing anatomical characters com- 
parable to the woods of Sapindaceae. My 
fossil, as is evident from the comparisons 
above, agrees to the general anatomy of the 
woods of Sapindaceae and I, therefore, in- 
clude it in the genus Sapindoxylon. 


COMPARISON WITH OTHER SPECIES OF 
SAPINDOXYLON 


No species of Sapindoxylon has been 
recorded so far from this country. All the 
species known have been described from 
other countries. They are Sapindoxylon jan- 
soni Kräusel from the Tertiary of Sumatra, 
S. klitzingi ( Pfeiffer & Van Heurn ) Ed- 
wards from the Tertiary of Java, S. stromeri 
Kräusel from the Oligocene or Miocene of 
Egypt, S. antioquiense Schonfeld from the 
Tertiary of Columbia and S. pleikuense Bou- 
reau from the Tertiary of Indo-China. 

In S. pleikuense, vessels are small, solitary, 
with scalariform perforation. Parenchyma is 
apotracheal and diffuse. Rays are two or 
three cells high with bordered pits. My 


specimen differs from S. pleikuense in having 
small, multiple vessels with simple perfora- 
tions, usually uniseriate and homogeneous 
rays and parenchyma confined to few cells 
round the pores. 

The Columbian fossil wood S. antioquiense 
differs from the Indian fossil wood in the 
thickened nature of the ray cells, in the 
presence of crystals in each parenchymatous 
cell and in the size of vessels, rays and 
parenchyma. These woods also resemble 
each other in having ill-defined growth rings, 
radial rows of vessels, paratracheal paren- 
chyma and uniseriate rays 

S. stromeri described from Egypt is distinct 
from my specimen because in the former, the 
pores are scattered yet very frequent, be- 
ing 20-40 per sq. mm., and also showing 
conspicuous difference in the size of vessels, 
rays and parenchyma. However, the radial 
groups of vessels with bordered pits, libriform 
fibres, and the lack of growth rings are the 
features in which the South Indian fossil 
wood agrees to S. stromert. 

S. sp. (HorrmMan, 1952) described from 
Austria does not resemble my fossil as the 
nature of pits, thickness of walls and the size 
of vessels, rays and the parenchyma, differ, 
in spite of similarities in the nature of vessels, 
rays and parenchyma. 

The metatracheal bands of one or two 
series of parenchyma and solitary pores of 
S. jansoni are conspicuous characters which 
distinguish it from the South Arcot fossil, 
although both resemble in certain gross 
features. 

The anatomical details of my specimen 
from South Arcot and its comparisons with 
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SPECIES VESSELS PARENCHYMA Rays FIBRES AGE 
Sapindoxylon Single or radial groups, 4-7 Scanty, paratracheal with Layered cells hori- Libriform, constitut- Tertiary 
antiquiense per sq. mm., perforated one crystal in each cell zontal, tangential ing the ground mass 
with numerous contiguous walls with thicken- of the wood 
bordered pits ed knots 
S. stromeri Scattered or radial groups, Scanty, paratracheal with Mostly one-layered, Libriform, forming do 
20-40 per sq. mm., per- a chambered crystal in homogeneous, one the ground mass of 
forated, round bordered each cell crystal in each bor- the wood, with 
pits, 60-100 u broad der cell chambered crystals 
S. pleikuense Solitary, numerous, perfora- Apotracheal, diffuse, or Layered, heterogene- Conspicuous, medium do 
tion-plate oblique, inter- in short uniseriate rows ous, 2-3 cells high, length with border- 
vessel pitting scalariform 1-8 cells broad ed pits 
Scasps Single or radial groups of Scattered, metatracheal, Layered, 3-30 cells Libriform forming do 
two, mutually flattened two-serried layers sur- high, 2-5cellsbroad, the ground mass of 
( equally divided ), 2-8 per rounding the vessels cells arehigherthan the wood 
sq. mm. broad, with crystals 
S. indicum sp. Single or radial groups, 2-3 Scanty, paratracheal, few Mostly uniseriate Libriform forming do 


nov. 


per sq. mm., perforation 
and bordered pits simple, 
200-280 u broad 


cells round the pore 


( one layered ), 3-20 
cells high, one-cell 
broad 


the ground mass of 
the wood 
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the other fossil species of Sapindoxylon 
clearly show that it differs from them. It is, 
therefore, considered a new species for which 
I propose the name Sapindoxylon indicum 
sp. nov. 
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EXPLANATION OF PLATE 1 


Sapindoxylon indicum sp. nov. 


1. Cross-section, showing the distribution of ves- 
sels, rays and parenchyma. x 40. 

2. Tangential section enlarged to show the uni- 
seriate, homogeneous rays. X 90. 

3. Tangential section showing the distribution of 
rays and vessel segments. x 40. 

4. Cross-section enlarged to show the radial group 


of the vessels and its contents, and also the 
scanty distribution of the paratracheal parenchyma. 
x 90. 

5. Radial section showing the upright cells of the 
Taysu 90! 

6. Tangential section enlarged to show the nature 
of the pitting. x 270. 


ON THE OCCURRENCE OF FOSSIL WOOD OF SONNERATIA: 
SONNERATIOXYLON DAKSHINENSE SP. NOV. FROM THE 
TERTIARY OF SOUTH ARCOT DISTRICT, MADRAS 


C. G. K. RAMANUJAM* 


Birbal Sahni Institute of Palaeobotany, Lucknow 


INTRODUCTION 


T HE species described here is repre- 
l sented by two small blocks of silicified 
wood, which were collected from near 
‘a village, Mortandra, 5 miles north-west of 
Pondicherry. A brief description of the 
species was published previously in a short 
note along with the other fossil woods re- 
sembling the modern families like Guttiferae, 
Celastraceae, Leguminosae and Euphorbia- 
ceae (RAMANUJAM, 1954a). Besides this 
the author also reported the occurrence of 
woods resembling Mangifera, Shorea and 
Albizzia ( RAMANUJAM, 1953), and has des- 
cribed recently in detail the wood anatomy 
of fossil woods resembling the modern species 
of Acacia, Caesalpinia, Shorea, Dipterocarpus 
and Terminalia ( RAMANUJAM, 1954b, 1955, 
1956). 

The fossils were found in situ in the Cud- 
dalore sandstones, the geological age of which 
is believed to range from Eocene to Pliocene 
(Saunt, 1931). Krishnan (1949) regards 
the Cuddalore series to be Miocene, while 
according to Wadia (1953) a great part of 
this series comes under Pliocene Age. 


DESCRIPTION 


Sonneratioxylon Hofmann 
Sonneratioxylon dakshinense sp. nov. 


The species is represented by two small 
pieces of silicified wood. One of the speci- 
mens shows a part of the pith also, but the 
preservation of this part is not good enough 
for seeing the anatomical details. The pre- 
servation of the secondary xylem is quite 
good. 

There are no growth rings present in the 
fossil. The vessels are rather indistinct to 
the naked eye and show no great variation in 
size. They are mostly small, but sometimes 
approach to medium size, and orbicular to 


broadly oval or often flattened in outline. | 
They are evenly distributed, considerably 
thick-walled and solitary or in radial multi- 
ples of 2-3 ( PL. 1, Fic. 1). The proportion | 
between the solitary vessels and radial | 
multiples is 40:60. Tyloses are not present. 
The vessels in general are open but at some 
places their cavities are occluded with a dark 
gummy (?) deposit; when this is the case, 
the vessels at first glance may be mistaken 
for gum ducts, but careful examination 
always reveals their true nature. The 
vessel-segments are medium to long and 
truncate or attenuately tailed ( TEXT-FIG. 1 ). 
The perforations are simple and mostly 
oblique to sometimes almost horizontal. 
Intervessel pitting is profuse; the pits are 
vestured, of medium size, alternate and are 


more or less hexagonal due to contiguous | 


nature (Pr. 1, Fic. 2). Occasionally the 
pits although crowded are not placed in 
contact with each other and then are rounded 
and arranged in horizontal rows. The 
vessel-ray pits are very minute, rounded or 
slightly flattened, simple or narrowly bor- 
dered and many per cell ( TEXT-FIG. 2). 

The fibres solely constitute the ground 
tissue of the wood. They are libriform and 
very thick-walled with little or no lumina. 
They are polygonal in cross-section and 
aligned in regular radial seriations. The 
fibres for the most part are short to medium 
in length and distinctly septate. Pits to 
the fibres are few, minute, simple and 
roundede( Pia Le bic. 37) 

The fossil does not possess any xylem 
parenchyma elements. 

The xylem rays are indistinct to the 
naked eye, and even with a hand lens their 
outlines on the transverse and longitudinal 
surfaces of the fossil remain obscure. The 
rays are numerous and closely distributed. 
They are as a rule uniseriate, and only rarely 
do we come across biseriate ones (Pr. 1, 
Fic. 4). They are always homogeneous and 


*Present address: Botany Department, Andhra University, Waltair. 
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TEXT-FIGS. 1-3 — Sonneratioxylon dakshinense sp. nov. 1, vessel-segment highly enlarged to show the 


tailed nature and the simple, oblique perforations. x 250. 2, vessel-ray pitting. x 300. 
section showing the uniseriate xylem rays and intervessel pits. x 200. 


3, tangential 
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very short, being only 3-12 cells high ( ave- 
rage 7 cells), but at times we come across 
rays 15 cells high. The rays in general 
are made up of short procumbent cells of 
various shapes ( TEXT-FIG. 3). Pits on the 
tangential walls of the ray cells are some- 
times observed; they are very few, minute, 
rounded and simple. 

Comparison with the Living Species — 
Among the modern dicotyledons there are 
several families which exhibit a combination 
of some or all of the features present in the 
fossil. An important feature that helps to 
throw light on the affinities of the fossil is 
the presence of the vestured pits. The 
evidence to date is to the effect that ves- 
tured pits are extremely consistent in their 
distribution and for this reason their pre- 
sence or absence appears to be of decided 
diagnostic importance in the identification 
of angiosperm woods. According to Bailey 
(1924), about 25 families are characterized 
by the possession of vestured pits; the im- 
portant ones are Vochysiaceae, Leguminosae, 
Myrtaceae, Melastomaceae, Combretaceae, 
Lythraceae, Euphorbiaceae and Sonneratia- 
ceae. All these families excepting Sonnera- 
tiaceae, however, differ from the present 
fossil in other important characters. 

The woods of Vochysiaceae, Leguminosae 
and Myrtaceae possess abundant xylem 
parenchyma which is conspicuous by its 
absence in our fossil specimen. The family 
Melastomaceae differs markedly in the pos- 
session of irregular clusters of very small 
vessels, and fairly abundant paratracheal 
parenchyma. In the case of Combretaceae 
and Lythraceae too the xylem parenchyma 
is fairly abundant. Moreover, in Combreta- 
ceae the ray celis are usually characterized 
by the presence of crystals. In Euphorbia- 
ceae Bridelia and Cleistanthus are the only 
two genera in which distinct vestured pits 
have been reported ( BAILEY, 1924). Both 
these genera differ from the fossil wood in 
possessing a certain amount of xylem paren- 
chyma and in the nature of the xylem rays. 

It is only in the woody genera of Sonnera- 
tiaceae that we come across many similari- 
ties with our fossil. A comparison with the 
species of Sonneratia and Duabanga shows 
that the fossil approaches the former more 
closely. The wood of the genus Sonneratia 
has the following characteristic features 
( SOLEREDOR, 1908; JANssonrius, 1940; 
METCALFE & CHALK, 1950): vessels small 
to medium, solitary or commonly in radial 
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multiples of 2-3. Perforations simple and 
oblique. Intervessel pits ly 
tured, alternate. Fibres septate, libriform. 


Parenchyma absent or very scanty. Rays 


mostly uniseriate and homogeneous. In all 
these anatomical characters it shows agree- 


ment with our fossil. Duabanga differs from | 
the fossil in possessing certain amount of | 


xylem parenchyma in the form of vasicentric 
sheaths and in its 
rays (sometimes even triseriate ) 
are heterogeneous. 


estuarine forests of India. 
Comparison with 
Among the fossil dicotyledonous woods des- 


cribed from India so far, the South Indian | 


fossil shows some similarities with only one 
species, viz. Dryoxylon mohgaoense ( RODE, 
1936 ) from the Deccan Intertrappean Series. 
Rode is of the opinion that D. mohgaoense 
shows its nearest affinity to Combretaceae. 


The Deccan Intertrappean fossil has ves- ||] 


tured intervessel pits and in the nature and 
distribution of its vessels and fibres it re- 
sembles our fossil. The Intertrappean spe- 
cies, however, possesses certain amount of 
xylem parenchyma occurring around the 
vessels or as solitary cells distributed irregu- 
larly among the fibres; besides the vessels 
in this species are very commonly tylosed 
and the xylem rays are higher and hetero- 
geneous. 

Verma (1950) has published a short note 
about another dicot wood from Deccan 
Intertrappean Series which he has described 
as showing resemblances with Sonneratia. 
This wood differs from our specimen in the 
possession of aggregate heterogeneous rays 
with 1-3 resin canals and the absence of ves- 


tured pitting. From the characters of the | 


wood described by Verma it does not appear 
to bear any resemblance to the species of 
Sonneratia. 

Our fossil exhibits more close resemblance 


with Sonneratioxylon prambachense Hofmann | 


(1952), described from the Oligocene of 


Austria, than with the other fossil woods. | 
In both the cases the nature and distribution ! 
of the vessels is almost alike, and so are the | 
But in Sonnera- |} 


xylem rays and the fibres. 
hoxylon prambachense xylem parenchyma is 
present although in small quantity as diffuse 


cells, the solitary vessels are rare and lastly | क्‍ 
the rays are comparatively higher ( 6-30 cells | 


high ) 


the Fossil Species — | 


typically ves- | 


commonly biseriate | 
which | 
Comparisons have been |} 
made with Sonneratia apetala and Sonneratia | 
acida both of which are common in the 


| 
| 
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It has been shown above that the fossil 
wood from South India agrees very closely 
with the wood type of Sonneratia, conse- 
quently ıt has been placed in Hofmann’s 
genus Sonneratioxylon. As it differs from 
all the hitherto described species it is given 
a new specific name, Sonneratioxylon dak- 
shinense, after the Sanskrit term Dakshin 
Bharat, meaning South India. 

Diagnosis — A diffuse porous 
Growth rings absent. 

Vessels diffuse, 18-25 per sq. mm. Small, 
sometimes medium, 80-120 u in diam. 
Solitary or in radial multiples of 2-3, solitary 
vessels orbicular to broadly oval. Vessel 
segments medium to long, 300-750 u, trun- 


wood. 


cate or attenuately tailed. Perforations 
simple, mostly oblique. Intervessel pits 
medium to large, alternate, hexagonal, 


distinctly vestured. Vessel-ray pits minute, 
simple or narrowly bordered, rounded or 
slightly flattened, many per cell. 

Fibres libriform, 14-18 u in diam., 
750-1150 u long; septate. Polygonal in 


cross-section, arranged in regular radial seria- 
tions. Pits simple, minute, rounded. 

Parenchyma absent. 

Rays numerous, 25-40 per mm., closely 
distributed. Homogeneous with short pro- 
cumbent cells. Mostly uniseriate, rarely 
biseriate. Very short, 3-12 cells high ( ave- 
rage 7 cells). Pits to the tangential walls 
simple, minute. 

Holotype: No. 4972 of the museum of 
Birbal Sahni Institute of Palaeobotany, 
Lucknow, India. 
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EXPLANATION OF PLATE 1 


1. Cross-section showing the distribution of the 
vessels and the arrangement of the fibres. x 35. 

2. Vestured intervessel pits. x 500. 

3. Pits to the fibres. x 500. 


4. Tangential section showing the nature and 
distribution of the xylem rays. x 35. 

5. Radial section showing the homogeneous 
nature of the rays. x 35. 


STUDIES IN THE GLOSSOPTERIS FLORA OF INDIA — 
6. PLANT FOSSILS FROM TALCHIR BEDS OF 
SOUTH REWA GONDWANA BASIN 


K. R. SURANGE & K. M. LELE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Ten plant types from Goraia ( Talchir beds) in 
the South Rewa Gondwana basin have been des- 
cribed. Besides Noeggerathiopsis hislopi, Ganga- 
mopteris cyclopteroides and some of its varieties, 
four types are new to the Talchir beds. They 
are Cordaicarpus furcata, Samaropsis goraiensis, 
Paranocladus (?) indica and Arberia umbellata. The 
occurrence of the conifer Paranocladus (?), which is 
hitherto known only from Brazil, is reported for 
the first time from India. 


INTRODUCTION 


was made in 1951 by one of us ( K. M. 

LELE ) from a section of Talchir rocks 
exposed on the north bank of Johilla river 
N.W. of the village Goraia ( 23°20’50”: 
81°2'43”, TEXT-FIG. 1). The only fossil 
known previously from this locality was an 
equisetaceous stem ( FEISTMANTEL, 1880, 
p. 183). The section exposed at the place 
of collection (indicated by a cross in the 
map) is about 20 ft. thick, comprising of 
calcareous sandstone at the base followed in 
succession by grey shale, micaceous sand- 
stone, greenish grey shale, earthy yellow to 
khaki-coloured muddy micaceous silt ( un- 
stratified ), another grey shale and lastly 
greenish yellow, coarse-grained micaceous 
sandstone. The strata show a gentle dip 
towards north-east. 

The material which is described below has 
come entirely from a single bed of greenish 
grey shale, about 4 in. thick. The bed is 
fairly unweathered and compact in the 
upper half while the lower portion is ex- 
tremely fragile and crumples into very thin 
flakes of rock. It is this weathered zone 
which contains almost all the fossil impres- 
sions in a state of considerable overlapping 
and crowding. Much of the weathering and 
decay is owing to its close proximity to the 
waters of Johilla river. The vegetation 
growing around the fossil spot has also added 
to the continuous decay of the bed which is 
clearly illustrated by the occurrence of fine 
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rootlets of modern plants penetrating deep in- 
side the laminae of the weathered shale zone. 

The stratum, immediately overlying the 
fossiliferous bed, also contained badly pre- 
served remains of certain stems which are not 
considered here. Besides, a large number of 
microfossils have been recovered from the 
two grey shales above and below the fossili- 
ferous bed of the section. The microflora is 
of considerable interest, both in regard to 
variety and abundance of spores. It will be 
described later. 


DESCRIPTION 


Genus — Gangamopteris McCoy 


1. Gangamopteris cyclopteroides Fstm. 
CPE Biss 12) 


Leaves referable to this species are fairly 
common in the fossiliferous bed, but the 
impressions ‘are fragmentary and ill-pre- 
served. In Pl. 1, Fig. 12, is shown a broader 
form which is incomplete both at the apex 
and base. No definite midrib is present, 
although there is an apparent indication in 
the median portion of the frond where all 
the veins converge to run downwards towards 
the base. The secondary veins are arched 
and close, forming long meshes which are 
comparatively broader near the median line. 

Under Gangamopteris cyclopteroides various 
forms have been included by Feistmantel 
(1879, 1881) as its different varieties. These 
leaves possess similar venation pattern but 
different forms. Our specimen is incomplete 
and, therefore, cannot be compared with 
any of these varieties. As far as venation 
is concerned, it is comparable to the Talchir- 
Karharbari forms described by Feistmantel 
under the name Gangamopteris cyclopteroides. 


2. Gangamopteris cyclopteroides 
var. attenuata Fstm. 


(Pl. 1, Fig. 7) 
The incomplete specimen (Fic. 7) re- 
presents the lower portion of a frond, 6 cm. 
in length. The frond is 2 cm. at the broadest 
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Supra Barakar 


I 
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Barakar 
Talchir 


Metamorphics 


TEXT-FIG. 1 — Geological sequence in the Johilla valley, South Rewa Gondwana basin. After Hughes 


(1884). 


part and narrows down to 7 mm. at the base. 
Secondary veins radiate out from a subparal- 
lel group of median nerves. They are broadly 
arched and form narrow elongate meshes. 
This variety of G. cyclopteroides has been 
reported by Feistmantel (1879, p. 14) 
from Rikba ( Talchir beds ) and Karharbari. 


3. Gangamopteris cf. angustifolia McCoy 
(Pl. 1, Fig. 6) 


A single incomplete specimen of Ganga- 
mopteris ( Fic. 6) in the collection is charac- 


The cross indicates the place of fossil collection. 


terized by a narrow, linear form and more or 
less subparallel margins. The apex is not 
preserved but appears to have been acute or 
acuminate. Secondary veins arise with a 
broad curve from a subparallel group of 
median nerves which are faintly visible. The 
meshes are narrow and medium in length. 

G. angustifolia has been recorded by 
Feistmantel ( 1879, p. 16; 1881, p. 55) from 
Talchir beds of Deogarh (Karon) field 
and Karharbari beds of Karharbari field. 
Our specimen differs from them in having 
more broadly arched secondary veins. The 
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venation of our specimen, however, agrees 
with that of G. angustifolia recorded by 
Walkom (1922, p. 31) from Australia, 
although the Australian specimen is some- 
what bigger in size. 


4. Gangamopteris sp. 
(11001 1 00 11 0) 


The specimen is very small, about 2 cm. 
long and 7 mm. across at the broadest part 
near the apex. The form of the leaf is 
spathulate with a narrow base and obtusely 
round apex. Secondary veins are not clearly 
visible but a few meshes can be made out at 
one or two places. 

The frond is unusually small and the pre- 
servation is bad. It cannot, therefore, be 
compared definitely with any of the known 
fronds of Gangamopteris. However, such a 
small frond of Gangamopteris has not so far 
been recorded from Talchir, Karharbari or 
even younger beds. 


Genus — Noeggerathiopsis Feistmantel 


5. Noeggerathiopsis hislopi ( Bunb.) Fstm. 
(ARAL ih, lng, Al, 22) 


Noeggerathiopsis hislopi is one of the few 
common plant elements of the fossiliferous 
bed. The fronds are mostly incomplete. 
One of them ( Fic. 1 ) is almost complete and 
fairly large in size. It shows the character- 
istic features of the species and compares in 
all respects with the Talchir-Karharbari 
forms described by Feistmantel (1879, 1881) 

In the same block, there is another much 
smaller specimen which is reproduced in 
Fig. 2. The leat is 2-2 cm. in length and 
about 8 mm. across at the broadest part. 
The venation is not very clear but it appears 
to be similar to N. hisloi. A few promi- 
nent veins start from the base and run 
almost straight towards the apex dividing at 
least once in the lower half of the leaf. 

Such a small frond of Noeggerathiopsis 
has not been figured so far. The leaf of 
N. hislopi ranges in size from 6 to 23 cm. or 
more in length and from 1 to 5 cm. across 
at the broadest part. Another species, 
N. stoliczkanus, of which only single specimen 
is known, measures 8x 2-4 cm. and is 
bigger than our specimen. 

N. hislopi is known from Talchir beds but 
N. stoliczkanus is known from Karharbari 
only. Seward & Sahni (1920, p. 7) redes- 


cribed Cordaites ( Noeggerathiopsis ) stolicz- 
kanus which was described previously by 
Feistmantel as Glossozamites stoliczkanus but 
its distinction from Noeggerathiopsis hislopi 
is not yet clear. Except for the size our 
small frond resembles N. hıslopi in every 
other respect and, therefore, it is included 
under this species. 


Genus — Cordaicarpus Geinitz 


6. Cordaicarpus furcata sp. nov. 
(Pl. 1, Bigs. 9, 10; Text-5272)) 


Impressions of small unwinged seeds are 
present in fairly large number on the shales. 
The seeds are oval or pear-shaped, somewhat 
flattened at the base and bifid at the apex. 
In some seeds a small depression is notice- 
able at the base which perhaps marks the 
place of its attachment with the megasporo- 
phyll or stalk. The seeds vary in size from 
4to5 x 3to4 mm. In some specimens a 
very narrow, uniform, slightly thick border 
is sometimes faintly visible (sarcotesta ? ). 
A few lines are seen running longitudinally 
round the border of some seeds. The 
sarcotesta is drawn out for about 1 mm. at 
the apex and is bifid, enclosing a V-shaped 
sinus which perhaps served as micropyle. 
These beak-like projections are delicate and 
may not always be preserved. 

From Talchir beds the genus Cordaicarpus 
is not known. It is, however, reported from 
a bed in the Punjab Salt Range ( VIRKKI, 
1938, p. 150) which is about 20-25 ft. 
above the boulder bed. Krishnan ( 1949, 
p. 248) includes it under Talchir series. 
The specimen from the Punjab Salt Range is 
clearly divided into two symmetrical halves 
by a well-marked and straight median line 
and the apex is simply pointed. Moreover, 
it possesses a distinct border 0-5-1 mm. in 
breadth. C. furcata does not show any of 
these characters. 

From Karharbari beds two seeds are 
known. One is Samaropsis milleri ( Fstm.) 
Seward, which was later redescribed by 
Seward & Sahni (1920, 9. 9). It is a large 
seed and possesses a distinct, flattened bor- 
der. Another seed which is still bigger is 
described by Zeiller under the name Cordai- 
carpus indicus and possesses a narrower 
border. Seward (1917, p. 352), however, 
substituted the generic name Samaropsis for 
this species also. Both these seeds are quite 
distinct from Cordaicarpus furcata. 
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As regards the vertical distribution only 
one species, Cordaicarpus indicus, is known 
from the Karharbari beds (ZEILLER, 1902; 
SAHNI, 1921). But for the Punjab Salt 
Range the genus has not been reported 
hitherto from any of the Talchir localities of 
India. A definite occurrence of Cordai- 
carpus has now been recorded from Talchir 
beds of Goraia. 

It should be mentioned here that the dis- 
tinction between the genera Samaropsis and 
Cordaicarpus is not always easy in border- 
line cases. According to Seward Samaropsis 
possesses broader and more clearly defined 
border than that of Cordaicarpus. The dif- 
ference is of degree only and it remains a 
matter of individual discretion while chosing 
between the name Samaropsis and Cordai- 
carpus, specially when the wing is not broad 
enough. Typical example is that of Cordai- 
carpus indicus which has been placed in 
Samaropsis by Seward, but other authors 
still prefer to place it in Cordaicarpus 
( SAHNI, 1921). 

Diagnosis — Small pear-shaped unwinged 
seed, 4-5 x 3-4 mm.; sarcotesta drawn out 
for about 1 mm. and bifid at the apex. A 
very narrow border with longitudinal stria- 
tions sometimes visible. 


Genus — Samaropsis Goeppert 


7. Samaropsis goraiensis sp. nov. 
(BIT, Figs: 3, 4, 14; Text-fig. 3 ) 


There are four specimens of winged seeds 
which have been referred to a single new 
species of the genus Samaropsis. The seeds 
are incompletely preserved. The type speci- 
men ( PL. 1, Fics. 3, 4; TEXT-FIG. 3 ) is, how- 
ever, complete measuring 8 x 6 mm. The 
sclerotesta, measuring about 7 x 4 mm., is 
pear-shaped, both the ends being finely 
pointed. The sarcotesta is about 1-5’ mm. 
wide in the middle. It narrows towards the 
apex and gradually widens towards the base 
which is distinctly cordate. Other seeds do 
not show any marked difference in size. 

In these seeds an apical canal enclosed 
by sarcotesta is present (Fic. 14; TExT- 
FIG. 3). The cleft or the “ micropyle 


SS 


Text-Fics. 2 & 3—2, Cordaicarpus furcata 
sp. nov. x 17. 3, Samaropsis govaiensis sp.nov. X 8. 
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reaches right up to the pointed apex of the 
nucule. 

The present seed differs from all the known 
species of Samaropsis. From only one 
Talchir locality in the South Rewa Gond- 
wana basin Feistmantel ( 1882, pp. 17, 50) 
has figured an incomplete specimen of 
Samaropsis and although it comes closer to 
our species in size, it does not show the 
characteristic pear-shaped nucule pointed at 
both ends. The Karharbari seed, S. milleri, 
is bigger and quite distinct from our speci- 
men. S.raniganjensis described by Seward & 
Sahni (1920, p. 8) from Raniganj group 
is said to be identical with the Samaropsis 
described by Feistmantel (1879, p. 30) 
from Karharbari beds. Our specimen differs 
from it in having the nucule pointed at both 
the ends, presence of cleft-like micropyle at 
the apex and a wing which is broader and 
cordate at the base. Some of the seeds from 
Talchir group from other localities figured 
by Feistmantel ( 1886) are fragmentary and 
it is difficult to compare them with our 
specimens. The present seed is, therefore, 
described under a new specific name. 

Diagnosis — Small winged seed, about 
8 x 6 mm., sclerotesta pear-shaped, pointed 
at both the ends. Sarcotesta 1:5 mm., 
broadens towards the base which is cordate. 
A fine canal or micropyle present at the 
apex. 


Genus — Paranocladus Florin 


8. Paranocladus ? indica sp. nov. 
(HEE il, 103 Sigh, als) )) 


There are about half a dozen specimens of 
small sterile foliage shoots in our collection, 
all of them probably representing lateral 
shoots. In two specimens there is an indica- 
tion of branching which appears to be irre- 
gular and perhaps scattered ( Pr. 1, Fic. 13 ). 
The branches are densely clothed with leaves. 
The leaves are of one kind, spirally arranged 
and somewhat spreading. They are cuneate- 
lanceolate, entire, uninerved and perhaps 
decurrent. The tips are acute or acuminate. 

From the Upper Carboniferous and Lower 
Permian of the southern hemisphere three 
genera of conifers are definitely known. 
They are Buriadia (SEWARD & Saunt, 1920, 
9. 12), Paranocladus (FLoRIN, 1940-45, 
9. 319) and Walkomiella ( FLORIN, 1940, 
p. 3). Buriadia is distinct in habit, possesses 
somewhat sparsely clothed, spreading branch- 


lets with leaves as a rule repeatedly forked 
at the apices and traversed by dichotomizing 
bundles. Walkomiella again is different in | 
habit, possesses squamiform, somewhat con- 
cavely curved leaves. Our specimen, how- 
ever, agrees with the generic description of 
Paranocladus which possesses irregularly | 
branched lateral shoot system. The branches | 
are covered by homomorphic, spirally ar- 
ranged leaves, either somewhat spreading or | 
adpressed which are entire, bifacial, broadly 
decurrent and probably uninerved. 

Two species of Paranocladus are known, 
viz. P. dusenii from Iraty Shales ( Passa 
Dois Series) and P. ? fallax from Tuberao 
Series from the State of Parana in Brazil. ||] 
In external morphology Paranocladus ? in- | 
dica appears to be different from both the 
Brazilian species. P. dusenii is based mainly 
on epidermal characters which are not known 
in P. indica. 

It is interesting to note that all the 
three southern genera of conifers have now 
been found in the Lower Gondwanas of 
India. 

Diagnosis — Branching irregular, branches 
densely clothed with homomorphic, spirally 
arranged somewhat spreading leaves. Leaves | 
cuneate, lanceolate, entire, perhaps decur- 
rent and uninerved; the tips acute or acu- | 
minate. 


Genus — Arberia White 


9. Arberia umbellata sp. nov. 
(PIS Pies 8) 


The collection includes a megasporophyll- 
like organ (Pr. 1, Fic. 8) similar to those 
described by White ( 1908 ) under the name 
Arberia. The specimen measures 1-5 cm. in 
length and 1-2 cm. at the broadest part. It 
has a slender stalk about a millimeter in 
width which expands upwards into a flat- 
tened head bearing a number of recurved 
processes, on the margin of which were per- 
haps borne the ovules in inverted position. 
One of the processes faintly shows some- 
thing like an attached ovule of Cordaicarpus 
type but as the preservation is bad, this 
cannot be confirmed. 

_ Feistmantel (1881, p. 59) had figured one 
inflorescence or a fructification from the 
Karharbari beds which was later included by 
White (1908) under Arberia indica. The 
genus Arberia was instituted by White for 
including small-scale leaves, ‘‘ whose distant 
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recurvate and truncate lobes appear to owe 
their abrupt or even slightly ragged termi- 
nations to the detachment of some sort of 
bodies, presumably reproductive in nature ” 
( WHITE, 1908, p. 537). These bodies are 
obviously some sort of megasporophylls 
bearing ovules. Lundqvist (1919, p. 19) 
described Arberia (?) brasiliensis from Brazil 
which shows an axis with recurved branches 
and Cordaicarpus seeds in organic connection. 
Our specimen is different from this and is 
more akin to Arberia indica and Arberia 
minasica (SEWARD, 1910, p. 516), except 
that in A. umbellata the head appears to be 
shortened, umbrella-like and the processes 
are long and strongly recurved, overlapping 
those which are below them. In A. indica the 
processes are in the form of curled lobes 
which are truncated. 

Diagnosis — A megasporophyll-like body; 
stalk slender, flattening above into a head 
with a number of overlapping, strongly 
recurved processes on either side. 


10. Equisetaceous Stem 
(011, il, 1 1 220 00) 


The occurrence of equisetalean stems is 
already known from this locality. Our 
collection also contains fragmentary impres- 
sions of stems possessing badly preserved ribs 
on their surface. One of them is shown in 
af, 1, Fig. 5. 


COMPARISON AND DISCUSSION 


From Talchir beds of India very few plants 
have been recorded so far (see TABLE 1), 
every locality yielding only a few forms. 
However, in the upper Rikba stage there is 
an evidence of plant life in abundance and it 
is regarded as similar to that of immediately 
succeeding Karharbari stage. For this rea- 
son the two floras have been grouped under 
one name, the Talchir-Karharbari flora. 
The discovery of a number of fossil plants 
in Talchir beds of Goraia opens up the pos- 
sibility of finding plant life of that period at 
other localities also. And only when we 
know more about the Talchir flora we shall 
be in a better position to judge the relation- 
ship between the flora at the commence- 
ment of the Gondwana period, and those 
succeeding it. 

As regards the flora from the Talchir beds 
of South Rewa Gondwana basin, although 
the types are few, fossil plants have been 


reported from six different localities ( see 
TABLE 1). From Goraia Feistmantel ( 1880, 
p. 183 ) reported only one equisetaceous stem 
but the recent collection made by one of us 
and described here resulted in the discovery 
of ten fossil types. The fossil plants are 
as follows ( HUGHES, 1884, 9. 14). 

*Gangamopteris cyclopteroides 

*Gangamopteris cyclopteroides var. attenuata 

Gangamopteris major 

Gangamopteris cf. spathutata 
Glossopteris sp. 

*Noeggerathiopsis hislopi 

Samaropsis sp. 

Vertebraria indica 

*Equisetaceous stems 

Species marked with asterisks are found at 
Goraia also. Samaropsis sp. reported by 
Feistmantel ( 1882, p. 50) from South Rewa 
is an incomplete specimen and appears dif- 
ferent from Samaropsis goraiensis described 
by us. As regards varieties of Gangamopteris 
cyclopteroides we have very few in our col- 
lection, but another collection may yield 
some more forms. Glossopteris sp. and 
Vertebraria indica are absent from Goraia 
collection. Feistmantel ( 1882, p. 17), how- 
ever, made a report of Glossopteris sp. from 
South Rewa but has not given any descrip- 
tion or a figure. 

From Goraia four new types have been 
added. 

Cordaicarpus furcata sp. nov. 

Samaropsis goraiensis sp. nov. 

Paranocladus ? indica sp. nov. 

Arberia umbellata sp. nov. 

The conifer genus Paranocladus has been 
reported for the first time from India. This 
genus was created by Florin ( 1940-45, p.319) 
for a conifer found in the Permo-Carboni- 
ferous deposits of the State of Parana in 
Brazil. This find of the South American 
conifer in the Lower Gondwanas completes 
the finding of all the three known southern 
hemisphere genera of conifers in India. As 
regards Arberia, it is known so far only from 
the Karharbari stage. Talchir and Karhar- 
bari specimens, of course, differ from each 
other, but this genus represents only the 
reproductive part of some plant which might 
have been present both in Talchir as well as in 
Karharbari deposits. The two likely genera 
it may have belonged to are Gangamopteris 
and Noeggerathiopsis, the probability of the 
latter genus being more. The genus Cordai- 
carpus is also known only from the Karhar- 
bari stage except in Kathwai in the Punjab 
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SPECIES KARANPURA AURANGA 
CoAL- CoAL- 
FIELD FIELD 
AT AT 
RIKBA 
Hırı 
1. ? Schizoneura sp. 
2. Equisetaceous stalks or stems + + 
3. Gangamopteris cyclopteroides + + 
Fstm. 
4. G. cyclopteroides var. + + 
subauriculata Fstm. 
5. G. cyclopteroides var. + En 
attenuata Fstm. 
6. G. cyclopteroides var. + + 
acuminata Fstm. 
7. G. cyclopteroides var. + + 
cordifolia Fstm. 
8. G. obliqua McCoy + 
9. G. angustifolia McCoy + 
10. G. cf. buriadica Fstm. + 
11. G. major Fstm. + 
12. G. cf. spatulata McCoy + 
18, ७. spp. 
14. Glossopteris communis Fstm. + . 
15. G. communis var. stenoneura 
Fstm. 
16. G. indica Schimper. + 
17. G. stricta Bunb. 
18. G. spp. 
19. Vertebraria indica Royle 
20. Ottokaria-like frond 
21. Sphenopteris sp. 
22. ? Pecopteris sp. 
23. Noeggerathiopsis hislopi + + 
( Bunb.) Fstm. 
24. Cordaicarpus furcata sp. nov. 
25. Cardiocarpus sp. 
26. Samaropsis goraiensis sp. nov. 
27. Samaropsis spp. + = 
28. Arberia umbellata sp. nov. a 
29. Paranocladus ? indica sp. nov. 
30. ? Coniferous or equisetaceous + a 
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Salt Range from where Virkki (Mrs. K. 
Jacob ) has reported Cordaicarpus sahnii. 

So far a good assemblage of plants from 
Talchir beds is known only from Rikba. 
Noeggerathiopsis hislopi, equisetaceous stems 
and all the varieties of Gangamopteris cyclo- 
pteroides from Goraia are also known from 
Rikba ( FEISTMANTEL, 1886). The species 
of Samaropsis appears to be different at two 
places, but the coniferous branchlet ( it is not 
Paranocladus ), Vertebraria indica and two 
species of Glossopteris have not been found at 
Goraia. However, it may be pointed out 
that Cordaicarpus, Paranocladus? and Arbe- 
ria have also not been reported from Rikba. 

A good number of forms have also been 
recorded from the Punjab Salt Range at 
Kathwai by Virkki (1938). This flora shows 
several new forms which have not been found 


either at Rikba or Goraia (see TABLE 1). 
Virkki reported two species of Glossopteris 
and only three species of Gangamopteris in 
addition to Sphenopteris, ?Pecopteris, ?Schi- 
zonera, Cardiocarpus and Ottokaria-like 
fronds. This material was collected from 
carbonaceous shales of the basal portion of 
the speckled sandstone series from a horizon 
only about 20-25 ft. above the Talchir 
boulder bed. Predominance of Glossopteris 
species over the Gangamopteris species, to- 
gether with the presence of ?Schizoneura, 
Sphenopteris, ?Pecopteris and Ottokaria is 
rather striking. Krishnan (1949, pp. 312, 313) 
correlates this plant bed with that of Rikba. 
But when more authentic Talchir forms are 
known, it will be possible to judge correctly 
the position of the Salt Range flora in relation 
to Talchir flora from other localities in India. 
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EXPLANATION OF PLATE 1 


1. Noeggerathiopsis hislopi. x Nat. size. 

2. N. hislopi. A small front. x 2. 

3. Samaropsis goraiensis sp. nov. 
men. x 4. 

4. Samaropsis goraiensis sp. nov. 
men. X Nat. size, 

5. Equisstacesus stem. x Nat, size. 

6. Gangamopteris cf. angustifolia. x Nat. size. 


Type speci- 


7. Gangamopteris cyclopteroides var. attenuata, 
x Nat. size. 

8. Arberia umbellata sp. nov. Type specimen. 
OS Se 


Type speci- 


9. Cordaicarpus furcata sp. nov. 


x Nat. size. | 
10. Cordaicarpus furcata in Fig. 9 enlarged. 

oe Bike | 
11. Gangamopteris sp. x Nat. size. 
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men. 


Type specimen. | 


Gangamopteris cyclopteroides. x Nat. size. 
Paranocladus? indica sp. nov. | | 
Samaropsis goraiensis sp. nov. Paratype. | 


Paranocladus? indica sp. nov. 


Type speci-! 
3: | 
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STUDIES IN THE DECCAN INTERTRAPPEAN FLORA — 
1. ON A PETRIFIED OVULIFEROUS CONE FROM 
MOHGAON CHERTS IN THE DECCAN 


U. PRAKASH 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A female conifer cone is described here from the: 


well-known locality of Mohgaon Kalan ( 22°1’N.; 
79°11’E.) in the Deccan Intertrappean Series of 
Madhya Pradesh. The petrified cone shows re- 
semblance in some characters with the ovuliferous 
cones of the family Abietineae. The flora of this 
locality is regarded as early Tertiary, and most 


probably Eocene. 
A here from the Intertrappean beds of 
Mohgaon Kalan. So far only a few 
cones have been described from the Deccan 
Intertrappean Series. Sahni (1931) des- 
cribed in detail three species of ovuliferous 
cones, viz. Taklostrobus alatus, Indostrobus 
bifidolepis and ?Pityostrobus crassitesta. Tak- 
hostrobus alatus and ?Pityostrobus crassitesta 
were found at Takli near Nagpur, while the 
exact locality of Indostrobus bifidolepis is 
unknown. The above three cones belong to 
Hunter and Hislop collection of the British 
Museum. All the three cones show abieti- 
nean features with certain peculiarities of 
their own. 

Apart from the Deccan Intertrappean 
Series, not a single species of conifer cone has 
been reported so far from any other Tertiary 
formation in India. 


INTRODUCTION 
FEMALE conifer cone is described 


DESCRIPTION 


A part of the ovuliferous cone was em- 
bedded in a small block of chert lying in a 
field near the village of Mohgaon Kalan. 
The cone was exposed on one side of the 
chert block in a tangential plane (slightly 
oblique ) and on further examination it was 
found that only a part of the cone on one 
side of the cone-axis is present. The speci- 
men being very small, only 8 mm. thick, its 
structure was followed through by gradual 
grinding and serial sketching at regular 
intervals. Some peel sections were also 
prepared, but they did not yield good 
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results. Consequently photographs of the 
cone at different levels were taken in reflected 
light. The last stage of grinding was made 
into a thin longitudinal section, which 
revealed all the important anatomical details. 
A part of the cone was also cut in trans- 
verse plane and a section prepared for study. 
As the cone is incomplete, the information 
obtained so far remains to be supplemented 
by further observations. The diameter of 
the cone is 2-2-1 cm. and its length as seen 
in the present specimen is only 2:5 cm. 
(PL. 1, Fic. 3). The axis of the cone is not 
present in the specimen. From the serial 
longitudinal sections, it is evident that the 
ovuliferous scales are closely arranged in 
spiral order round an axis. 
Cone-scales — The scales, as seen in the 
incomplete specimen, are about 7 mm. long 
and 4-5 mm. broad (Pr. 1, Fics. 1, 3, 4). 
They are very thick in their middle region 
and are expanded horizontally with their 
margins thinning out into wings which 
overlap those of the neighbouring scales 
CPLM Fier 3, Text-riessla)) Bromma 
number of serial drawings of the cone it 
appears that the scales run horizontally for 
some distance and then take a curve upwards. 
Probably it also forms a thin lamina near its 
apex. The double nature of the cone-scales 
could not be seen in the present incomplete 
specimen, which represents only a part cut 
tangentially a little away from the cone-axis. 
It is just possible that a small bract-scale 
may have been present near the axis. The 
scales have usually two ovules (PL. 1, 
Fics. 1, 3) embedded in it but those at the 
apex are sterile (Pr. 1, Fic. 3). A few 
scales in the middle region of the cone also 
appear to be sterile (Pr. 1, Fic. 3). The 
scales on the whole do not show satisfactory 
preservation. In some parts of the scales, 
where the structures are somewhat clear, they 
show thick-walled, polygonal cells ( TEXT- 
FIG. 2). The wings of the scales sometimes 
possess a few small cavities which appear 
to be of secretory nature (Pr. 1, Fic. 2). 
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In a few scales which are badly preserved, 
there are a number of big, irregular spaces 
which may be due to poor preservation in 
the scales. The epidermis of the scale is 
made up of thick-walled ( TEXT-FIG. 3), 
often somewhat globular cells with their 
lumen usually filled with brown ( resinous ? ) 
substance (Pr. 1, Fıc. 2): The vaseular 
supply of the cone-scales could not be seen 
due to poor preservation. 

Ovules — There are two ovules embedded 
CPL res a: 3) in each ovuliferous 


TRS ES — 1. Cross-section of few ovuliferous scales 


wg., wing. 


20 OBS. 2 


thin wings ( wg.). x 20. 


Thick-walled cells of the ovuliferous scales. 
mal cells. x 270. 4, Cross-section of an ovuliferous scale with 


5. Thick-walled polygonal cells of sclerotesta. 


scale. The ovules as seen in the specimen 
are about 45 mm. in length and 1 mm. 
in diameter. They appear to be more 
or less horizontal and placed at a distance 
of about 2-2-5 mm. from the apex of each 
scale. The two ovules of each scale lie close 
together. In some cases one ovule seems 


to be larger than the other (Pr. 1, Fic. 31 
TEXT-FIG. 4). | 

Usually two ovules are present in each 
scale, but in one of the scales only one ovule 
is seen (Pr. 1, Fic. 1; Text-ric. 12); 


a 


(००. sc.) with embedded ovules ( ov.). 
x 405. 3. Thick-walled epider- | 
two ovules. Margins of the scale form, 
x 405. ॥ | 
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micropyle of the ovule probably lies towards 
the axis of the cone. 

The integument of the ovule is quite thick 
and measures 0:3-0:35 mm. At some places 
it is produced more or less into a ridge 
#br.1, Fic. 1; Text-ric. 1). It-is three- 
layered with a well-developed sclerotesta 
(Pr. 1, Fic. 3), lined on both the sides by 
layers of fleshy tissue. Both the inner and 
_ outer fleshy tissue is composed of thin-walled 
| cells, whereas the middle stony layer, which is 
_ very thick, is composed of thick-walled, poly- 
gonal cells with small lumen ( TExT-FIG. 5). 
The inner fleshy layer is quite clear and 
made up of a few layers of cells, whereas 
the outer fleshy layer could be detected only 
at two places where it appears to be com- 
posed of 1-2 layers of cells. 

The endosperm is seen in patches only in 
some ovules. It is made up of thick-walled 
gells-( Pr. 1, Fig. 5). The- embryo is not 
seen in any of the ovules. 

As regards the vascular supply, nothing is 
known. 

Diagnosis — Cone compact, 2-2-1 cm. in 
diameter, with spirally arranged overlapping 
scales. Cone-scales woody, thick in their 
middle region and expanded horizontally 
with their margins thinning out into wings; 
its double nature could not be known due to 
imperfectness of the cone; secretory sacs ? 
present in the scales. Ovules paired, 4:5 x 
1 mm. in size, embedded in the scale, more 
or less horizontal and placed at a distance of 
2-2-5 mm. from the apex of the scale; some- 
times one ovule of a scale is larger than the 
other. Integument thick, 0-3-0-35 mm., 
three-layered with well-developed sclerotesta. 
Endosperm thick-walled. Embryo not seen. 

Locality — Mohgaon Kalan in Chhindwara 
district of Madhya Pradesh. 

Horizon — Deccan Intertrappean Series. 

Type Specimen — B.S.1.P. No. 10650. 


COMPARISONS AND DISCUSSION 


The female conifer cone described here 
does not resemble with any of the cones so 
far described from the Tertiary rocks of 
India. Indostrobus bifidolepis Sahni ( SAHNI, 
1931, pp. 79-85 ) differs from the present cone 
in having two distinct terminal lobes in 
each ovuliferous scale, in the presence of 
tilted (45°) ovules, and the carinae in the 
sclerotesta of the integument which divide 
the ovules into two unequal halves. Also J. 
bifidolepis has membranous epimatium-like 


hoods arched over the ovules which are 
absent in the cone described here. 

Takliostrobus alatus Sahni (SAHNI, 1931, 
pp. 85-92), known from Takli area in the 
Deccan Intertrappean Series, also differs 
from the present cone in deeply and irregu- 
larly corrugated surface of the wings, in the 
presence of a bract-scale fused to ovuliferous 
scale along the middle line throughout its 
length, but free laterally, and lastly in the 
distal limb of the ovuliferous scale being 
turned sharply upwards into a thin lamina. 

The other female cone from Takli, ?Pityo- 
strobus crassitesta Sahni (SAHNI, 1931, pp. 
92-95 ) also differs from the Mohgaon cone, 
in having bigger seeds, in slightly more 
thickened seed integument, and in the 
absence. (‚see SAHNI, 1931, Pie ISskıes. 
101, 102) of large, thin wings like that of 
the present cone. However, ?P. crassitesta 
slightly resembles the present cone in the 
presence of ridges in the ovules. The ridges 
are conspicuous in only some ovules of the 
cone described above. 

The present cone slightly resembles Pityo- 
strobus benstedi ( Mantell ) Seward ( SEWARD, 
1919, pp. 386, 387, TEXT-FIG. 780; STOPEs, 
1915, pp. 130-134 ), an abietinean cone from 
the Lower Greensand of Kent, in possessing 
ovules embedded in the ovuliferous scales; 
but otherwise the two cones are quite distinct. 

The important characters of the cone 
described above, viz. its compact nature 
with woody and spirally arranged cone- 
scales and the presence of two ovules in each 
ovuliferous scale, are the features which 
characterize the female cones of the family 
Abietineae. However, the presence of a 
distinct bract and an ovuliferous scale, as 
seen in the cone-scales of the members of 
Abietineae ( COULTER & CHAMBERLAIN, 1910, 
p. 220) could not be ascertained in the pre- 
sent specimen as it represents only a portion 
slightly away from the cone-axis. Therefore, 
it may be said that the present cone shows 
resemblance in some characters with the 
ovuliferous cones of the modern abietineae 
and a definite conclusion regarding its true 
affinity can be drawn only on the discovery of 
further, complete and well-preserved material. 
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EXPLANATION OF PLATE 1 


1. Tangential section of the cone from near the seen at the apex and a few among the ovuliferous | 
cone-axis. Note only one ovule in one of the — scales (ov. sc.). ov.— ovule. x 2-5. 
scales (SC, 0), x 3. 4. Tangential section of the cone away from the 
2. Wing of a scale with few cavities (c.). cone-axis. x 3. | 
(Fa 5. A part of an ovule enlarged to show a patch! 
3. Another tangential section (slightly oblique) of endosperm (end.) and sclerotesta ( sci.) of the | 
of the female cone. Sterile scales (si. sc.) are integument. x 175. | 
| 
| 
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STUDIES ON THE FOSSIL FLORA OF NIPANIA, RAJMAHAL 


VISHNU-MITTRE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


INTRODUCTION 


INR. as a fossiliferous locality is 


now well known for the silicified and 

rich plant remains of the Charophyta 
( VISHNU-MITTRE, 1952 ), Lycopodiales ( SRI- 
VASTAVA, 1946 ), Pteridophyta ( Rao, 1948 ), 
Pentoxyleae (SAHNI, 1932b, 1948; Rao, 
1943a; SRIVASTAVA, 1946; VISHNU-MITTRE, 
1953 ), Coniferales ( Rao, 1943b, 1946, 1949; 
VISHNU-MITTRE, 1956) and the sporae dis- 
persae ( Rao, 1943c; VISHNU-MITTRE, 1954, 
1955 ). 

Nipania* is a small village close to Dumur- 
chir near Amrapara, District Dumka, in the 
Santal Pargana of the Bihar State. The 
description of the locality and the nature of 
the fossiliferous deposits have already been 
dealt with in detail by Professor Sahni 
71948, pp. 47, 48). 

Sahni & Rao in 1933 first reported the 
occurrence of some bennettitalean remains at 
Nipania, viz. Williamsonia sp. cf. W. sewar- 
diana, Ptilophyllum and Taentopteris spatu- 
lata ( SAHNI & Rao, 1933, p. 192). Later in 
1948 Rao reported the occurrence of silicified 
Ptilophyllum cutchense at Nipania. During 
a visit to the locality in April 1953, I collected 
two impressions of Ptilophyllum cf. cutchense 
from stray pieces of blocks of hard creamy 
white rock found at the foot of the hillock 
about half a mile east of the Dumurchir Dak 
Bungalow. 

The impressions of the plant remains which 
I collected from Nipania include Phlophyl- 
lum cf. cutchense, Thinnfeldia indica Fst., 
T. odontopteroides Bgt., Dicksonia ( Spheno- 
pteris ) bindrabunensis Fst., Clathroßteris sp., 
Cladophlebis denticulata Bgt., Taeniopteris spa- 
tulata McCl., Brachyphyllum mamillare Bgt., 
Pagiophyllum sp. cf. P. divaricatum Bunb., 
P. sp. cf. P. peregrinum L. & H., Elato- 
cladus conferta O. & M., E. jabalpurensis Fst. 
and E. sp. cf. Retinosporites indica Holden. 

Pollen grains belonging to Bennettitales 
are also known from Nipania ( Rao, 1943c, 
p. 91; Vısunu-MITTRE, 1954, p. 126 ). 


*In earlier publications the locality Nipania has 
been described to be in the District Amrapara. 
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The silicified bennettitalean remains re- 
cently discovered from Nipania include 
(1) fragments of fronds, isolated sections of 
rachises and pinnae or of both of Ptilophyl- 
lum and (2) remains of leaf-bases or bracts 
and stems resembling those of Bucklandia. 
Many of these plant remains were found 
embedded in the chert and were discovered in 
sections of the rock pieces. Some of them 
were also seen exposed on the chert pieces by 
accidental breaking or weathering. 

Methods — The epidermal characters of the 
pinnae were studied either from the surface 
under reflected light or the surface was 
ground thin till the epidermal characters 
became clear. Cross-sections of the rachis 
and pinnae 78 situ were prepared to study the 
anatomical details. Duco transfers were 
tried of leaf-surfaces which showed depres- 
sions probably representing the stomata. 
The two Bucklandia stems were incidentally 
obtained, and cut in oblique longitudinal 
sections, the cutting wheel having passed 
through the woody region. The fragmentary 
detached leaf-bases or bracts were found iso- 
lated in other sections of the chert. A serial 
study made of some of these bracts showed 
that they were not more than 2-3 mm. in 
length. 


DESCRIPTION 


1. Genus Ptilophyllum Morris 
(i) P. cf. cutchense Morris 


(2b Gi, 1125 1:89) 


The species is represented by a single speci- 
men about 7:5 cm. long, a fragment probably 
from the middle region of a frond lying 
obliquely in the chert. A part of it exposed 
on the surface of the block (Pr. 1, Fie. 1) 
showed four to five complete to incomplete 
pinnae on one side of the rachis, the rest of 
the rachis was found embedded obliquely in 
the block. In between the veins and alter- 
nating with them there were noted bands of 
depressions probably representing the depres- 
sions of the sunken stomata. Each band 
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usually two, sometimes three, depressions 
thick (Pc. 1, Fic. 2). These depressions 
were found to be 70-90 per mm. Hair scars 
not observed. Four to five rows of poorly 
preserved epidermal cells are noted on a vein 
(Pri; Fie, 3. 

In its external morphology, the specimen 
compares those of P. cutchense Morris. In 
the anatomy of the pinnae and the rachis 
the specimen further resembles P. cutchense 
( BancrorT, 1913, p: 75). "In this: respect 
it also resembles P. amarjolense ( BOSE, 
1953b). In the distribution of the stomata 
the specimen compares P. cf. cutchense McCl. 
sp. (SAHNI & Rao, loc. cit., p..191 ) and 
P. cutchense Morris ( JAcoB & JAcoB, 1954 ). 
The presence or absence of papillae and the 
nature of the epidermal cells as known in 
P. cutchense both in the stomatiferous and 
the non-stomatiferous bands is not made 
out because of the extremely poor preser- 
vation of the epidermal characters in the 
specimen. 


(ii) Ptilophyllum nipanica sp. nov. 
(Pl. 1, Figs. 4-7; Text-figs. 1-5 ) 


A fragment of a frond about 5-6 mm. long 
and 8-10 mm. broad with the pinnae over- 
lapping each other, disposed in two rows, 
falcate with pointed apex and with upper 
and lower round corners at the proximal 
region (PL. 1, Fie. 4;, Text-Fic: 1), The 
lateral veins very few, 3-5 in number and 
occasionally dichotomizing. 

The upper epidermis, devoid of stomata, is 
made up of very much sinuous, squarish 
cells with large loops ( TEXT-FIG. 2). The 
epidermal cells are comparatively thinner 
except at the region of the loops. 

The lower epidermis is made up of very 
much sinuous, squarish to rectangular 
thick-walled cells. The epidermal cells along 
the periphery and on the apex — the regions 
devoid of the stomata are rectangular ( TEXT- 
FIG. 3) while in the rest of the region more 
or less squarish cells are noted. In some 
epidermal cells faint hollow cavities are noted 
which might represent the papillae ( TEXT- 
FIG. 4). 

The stomata, 38-51 x 35-45 u (including 
the subsidiary cells), are scattered on the 
entire lower surface of a pinna leaving a 
little non-stomatiferous region along the 
margin and at the apex of the pinna. The 
non-stomatiferous bands are not recognized 
on this stomatiferous surface ( Pr. 1, Fıcs. 


5, 6). The stomata are evenly placed to 
contiguous, irregularly arranged, transverse, 
to oblique in orientation which in low magni- 
fication appear to be disposed in short files. 

The two subsidiary cells extend beyond 
the guard cells and each bears a papilla 
( Pr. 1, Fie. 7; Texr-ries. 4,5). The apes 
of the papilla is round and free from that of 
the other. The aperture of the guard cells! 
is not hidden by the papillae. | 

The crescent-shaped thickenings of 
guard cells are not very strongly developed. | 
Some sort of thickenings are also noted on 
the inner walls of the guard cells (Pr. 1, 
Fic. 7; TEXT-Fics. 4, 5). | 

Comparison — In the absence of the non-| 
stomatiferous bands in the stomatiferous | 
region of the pinnae, P. nipanica resembles | 
P. sp. known from Cloughten Wyke beds of | 
Yorkshire (SEWARD & SAHNI, 1920, pp. 
22-24) and P. oldhami known from the Umia 
beds of Cutch ( JAcoB & Jacos, 1954). 
From P. oldhami our specimen differs in 
the presence of papillae on the subsidiary 
cells and the falciform apex. In general 
morphology the specimen approaches P. 
cutchense and P. amarjolense but differs 
widely from these species in the epidermal 
characters. 


Isolated rachises and pinnae 
(Pl. 1, Figs. 8, 9) 


There are several isolated rachises found in 
the microscopic sections of the chert. These 
fragments of the rachises are not more than 
a few millimetres in length. In some the 
pinnae are attached with the rachis in 
section. The isolated pinnae have similar 
anatomy as those 2n situ. 

A rachis (Pr. 1, Fic. 8), about 1-2 mm: 
in diameter and ovoid in cross-section, is | 
made up of round to oval parenchymatous 
cells with frequent intercellular spaces amidst 
them. The vascular bundles, 25-30 in num- 
ber, are arranged in a double series in the form 
of ‘U’. The xylem in bundles of both the 
series points inwards. The tracheids bear I 
scalariform pitting. Phloem is not preserved. | 

A pinna in cross-section (Pr. 1, Fie. 9)| 
shows the upper epidermis made up of rec- | 
tangular cells followed by a single layer of | 
more or less isodiametric hypoderma! cells. 
The single-layered palisade tissue consists of 
broad cubicular cells. Mesophyll is loose | 
and spongy. Vascular bundles, 3-4 in num- | 
ber, possess scalariform tracheids. | 


TEXT-FIGS. 1-5 — Ptilophyllum nipanica sp. nov. 1, the type specimen. x 9-5. 2, epidermal cells 
rom the upper surface of the leaf. x560. 3, epidermal cells from the marginal non-stomatiferous area. 
560. 4, a part of the stomatiferous epidermis showing the stomata, the papillae and the thickenings 
f the guard cells. x 560. P= a papilla on the epidermal cell, P’=a papilla overhanging a guard cell. 
, a stomatal apparatus shown enlarged. x 1000. S.C. = subsidiary cell. G.C. = guard cell. P’ =a 
apilla overhanging a guard cell. 
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The pinnae in their internal anatomy 
approach those of P. cutchense ( BANCROFT, 
1913; Pr. 9, Fic. 6) and P. amarjolense 
( Boss, 1953b; Prin 28, ice 25,26) ein 
less number of veins the specimens further 
approach P. cutchense while in this respect 
differ from P. amarjolense. The rachises 
have the general organization of that of 
Ptilophyllum or Dictyozamites ( BANCROFT, 
1913, ppx74; 752. PL 9 FIG 7 Pi; Re 
Bose, loc. 'cit.z Pi. 28, Pics. 2124 SG ihe 
pinnae differ from P. amarjolense in fewer 
number of vascular bundles. It is not 
possible on the basis of internal anatomy to 
show whether these rachises and sections of 
the pinnae belong to P. cf. cutchense or P. 
nipanica, the two species of Ptilophyllum 
that occur in the chert. 


2. Genus Bucklandia Presl. 


The stems, two in number, are obliquely 
cut axes. In one of them, about 7x 7 mm., 
very little of the wood region is preserved. 
Wood is compact. Pitting is not made out 
because of the oblique nature of the section. 
The ramental hairs on the leaf bases are also 
not seen. Few empty large thick-walled 
cells are found scattered in the central 
ground tissue which is partly preserved. 
The leaf-bases with 5-8 vascular bundles show 
the typical anatomy of the Bucklandia leaf- 
bases or Williamsonia bracts. 

The partly preserved second stem, about 
12 x 40 mm., is represented by a tangential 
section showing only the leaf-bases which 
possess tufts of ramental hairs or scales 
frayed out distally. Lower parts of the 
bracts possess several narrow linear scales 
made up of single layer of cells. The leaf- 
bases are as described in the above stem. 

Comparison — So far the anatomy of two 
species of Bucklandia, B. indica ( SEWARD, 
1917, pp. 488-490) and B. sahnii ( Bose, 
1953a) is known from India. These two 
species are distinguished from one another 
by differences in the nature of pitting in the 
tracheids and the medullary rays and by the 
presence or the absence of the ramental hairs 
on the leaf-bases ( Bose, loc. cit., p. 47) 

Nothing is known about the nature of the 
rays and the pitting in the above two stems. 
On the basis of the absence of hairs, the first 
stem might belong to B. sahnii Bose and the 
second stem to B. indica Seward. The 
second specimen also resembles the peduncles 
of Williamsonia sewardiana which Professor 
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Sahni ( 1932a ) has shown to have been borne 
on the stems of B. indica. 

The isolated sections of the bracts or leaf- 
bases are identical with those of Bucklandia 
or of Williamsonia. 


DISCUSSION 


The silicified remains of Bennettitales in 


the Nipania fossil flora include two species | 
of Ptilophyllum, P. cf. cutchense Morris, P. 
nipania sp. nov. and probably two species of | 
Bucklandia, B. indica Seward and B. sahnii | 
( Rao, | 
the other, 


Bose. Except the pollen grains 
1943c, VISHNU-MITTRE, 1954) 
silicified remains of the fructifications of the 
Bennettitales are not known from Nipania. 
The organic relation between P. cutchense 


and 8. indica is known since long ( SEWARD, | 


1917; p: 489; Sani, 719324, Mp MOIS 
relation between B. sahnii and Phlophyllum 
amarjolense has been suggested by Bose 
( 1953b, p. 610) owing to their close associa- 
tion and similar anatomical characters. 

The presence or absence of the ramental 
hairs may not in itself constitute a very 
important specific character as has been 
made use of above. Flowers of W. sewar- 
diana and the stems of B. indica both possess 
ramental hairs. On the basis of several 
anatomical similarities observed in the 


peduncle of W. sewardiana and the stems of || 


B. sahnii Bose ( 19539, p. 48) believes that 
“W. sewardiana flowers must have been 
borne on the stems of the type of B. = 
if not on B. sahnii itself ”. Bose (loc. cit.), 
however, does not account for the presence 


or the absence of ramental hairs on the bracts |} 


of the peduncle of W. sewardiana which are 
described to be absent in B. sahnii ( BoSE, 
loc. cit.). 


So in the absence of other anatomical || 


details one of the stems has with all pro- 


babilites been referred to B. sahnii. Whether | 


this stem was different from the stems of B. 


sahnti which probably bore the leaves of P. || 
amarjolense will only be known when more || 
anatomical details are available of such stems. | 

The proportion of the Bennettitales in the | 


Nipania silicified flora is fair as compared to. 


the representatives of Pentoxyleae and Coni- I 


ferales. 
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EXPLANATION OF PLATE 1 


Ptilophyllum cf. cutchense Morr. 


1. The specimen. x 2. 

2. A part of the lower surface of a pinna showing 
the distribution of the stomata. x 100. 

3. A part of above enlarged to show the epidermal 
cells and the stomatal depressions. x 100. 


Ptilophyllum nipanica sp. nov. 
4. The specimen. x 7. 


5. Lower surface of a pinna showing the distri- 
bution of the stomata. x 58. 

6. A part of the above enlarged showing the 
occurrence of stomata over a vein. 200. v., vein. 

7. A stomatal apparatus shown enlarged. x 650. 
p., a papilla on the guard cell; p.t., polar thickenings. 

8. An oblique cross-section of an isolated rachis 
showing two pinnae, one in situ. x 35. 

9. A cross-section of a pinna from above en- 
larged. x 70. 
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Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new species of fossil wood, Dadoxylon jhariense, 
is described from the Barakar stage of the Lower 
Gondwanas of India. The wood possesses distinct 
growth rings, a solid pith, continuous ring of endarch 
primary xylem and secretory sacs in the pith. 
Circular pits are rarely present on the tangential 
walls of the tracheids. Pitting on the radial wall 
of the tracheids usually uni-, bi-, triseriate or rarely 
more; pits round to elliptic, contiguous, rarely 
separate, usually alternate, sometimes opposite 
or sub-opposite. Medullary rays less numerous and 
low. Pits in the field 2-6 having elliptic with 
obliquely placed pores. 


INTRODUCTION 


Foes the Lower Gondwanas of India 
} only three species of Dadoxylon have 
so far been described. Two species, 
Dadoxylon indicum Holden and Dadoxylon 
bengalense Holden, belong to Barakar stage, 
while the third, Dadoxylon zalesskyi Sahni, 
is known from the Raniganj stage. 

The new species of Dadoxylon des- 
cribed here was collected by one of us 
(S.C. D. San) from the 18th coal seam of 
Kharkhari colliery (lat. 23°46'24"; long. 
86°14'36”) in the Jharia coalfield, about 
3-4 miles west of Katrasgarh Railway 
Station (see Survey of India Sheet No. 
73 1/1). The fossil wood, therefore, belongs 
to the Barakar stage ( Lower Permian ). 

Three pieces of woods were collected but 
only one showed excellent preservation. 


DESCRIPTION 
Dadoxylon jhariense sp. nov. 


The stem is cylindrical, about 10 cm. in 
length and 6 cm. in diameter. Secondary 
xylem, pith and primary xylem are well 
preserved but the cortical region is missing. 
The wood is almost black or dark brown in 
colour and the growth rings are not visible 
to the naked eye. Under the microscope, 
however, the growth rings are well marked 
and are not more than 3-4 cells in width. 


Pith — The pith is solid and fairly large, 


about 1-5-2 cm. and is composed of round, | 


slightly thick-walled cells which are loosely 
arranged, leaving intercellular spaces. In 


longitudinal section the pith cells are squarish | 
A | 


to rectangular and arranged in tiers. 
striking feature is the presence of secretory 
sacs scattered in the outer region of the 
pith. (Pr. 1, Fie. 1). The secretory sa 


vary in size and are surrounded by small | 


rectangular cells. Sclerotic nests or the 
secretory cells which are characteristic of 


D. zalesskyi and D. indicum respectively are 


absent. 
Primary Xylem — The primary xylem, 
which is about 5-12 cells deep, projects 


into the pith at some places and forms a | 


continuous ring (Pr. 1, Fıc. 1). The 
xylem elements are 4 to 5-sided and are 
smaller and less thickened than the secondary 
xylem elements. The primary xylem is 
distinct even in a transverse section. In 
longitudinal section the protoxylem appears 


to be endarch showing spiral =: | 


The other elements of the primary xylem 
show scalariform thickening ( PL. 1, Fic. 4). 


No transfusion tissue is present as is the case {|| 


in D. indicum. 

Secondary Wood — It abuts directly on the 
primary xylem. Growth rings are well 
marked under the microscope (PL 1, 
Fic. 3). 


35-45 cells deep and the tracheids are 


thick-walled, rectangular to squarish and || 
38-45 u across with small circular : | 


in the centre. The autumn wood zone is 
narrow, about 3-6 cells broad 
2-4 cells) with tracheids comparatively 
smaller and transversely elongated. They 
measure 19-32 u. Xylem parenchyma is 
absent. 


Medullary rays are essentially uniseriate 


but rarely biseriate, the biseriate condition 
being confined only to one or two cells 
(Pr. 1, Fic. 2). The rays are very low, 


1-6 cells high (average 3 cells) and not | 
The ray cells measure 30x20 y | 


crowded. 


100 


m 


The spring wood zone is broader, || 


(usually | 
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TEXT-FIG. 1 — Part of early wood tracheids in radial section showing uni- to multiseriate bordered 


pits. 


and are higher than broad. Pits in the field 
are 2-6 (usually 4), and bordered. The 
pore is rarely seen but appears to be ellip- 
tical and obliquely placed (Pr. 1, Fıc. 8; 
TEXT-FIG. 2). 

Pits on the radial walls of the tracheids 
are usually bi- to triseriate, seldom uniseriate. 
Pits more than 3 in a row are also frequently 
met with ( Pr. 1, Fıc. 6). When uniseriate, 
they are round to elliptic and separate or 
contiguous ( TEXT-FIG. 1). In biseriate 
tracheids pits are alternate, rarely opposite 
or sub-opposite ( PL. 1, Fic. 7), contiguous, 
usually round to elliptic and sometimes form 
hexagons. When triseriate or more, pits are 
alternate, contiguous and round or elliptic. 
Pore circular or oblique and measures 3-4 [५ 
in diameter. 

Another striking feature of the wood is 
that a few late wood tracheids show small 
circular pits on their tangential walls ( PL. 1, 
Fic.5). They are, however, rare, few in num- 
ber, bordered and contiguous or well spaced. 

Diagnosis — Secretory sacs in the pith; 
primary xylem endarch and in a continuous 


2650: 


ring; medullary rays short, 1-6 cells high, 
uniseriate, rarely biseriate; pitting in the 
radial walls of the tracheids uni- to bi-, or 
triseriate or more, pits circular or elliptical, 
separate or contiguous, alternate, rarely 
opposite or sub-opposite. Pits in the field 
2-6, usually 4, pore elliptical and obliquely 


TEXT-FIG. 2 — Pits in the field. x 650. 
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placed; pits on the tangential walls of the 
tracheids present. 

Locality — 18th coal seam, Kharkhari 
colliery, Jharia coalfield, Bihar. 

Type Specimen No. 21773. 


COMPARISON 


Dadoxylon jhariense shows clear affinities 
with the Dadoxyla of the southern hemi- 
sphere but it is not referable to any of the 
known species. 

Of the three known Indian species, D. in- 
dicum is distinguished by the absence of 
secretory sacs in the pith, presence of trans- 
fusion tissue in the primary xylem and its 
localization into bundles. The secondary 
wood has also points of differences. In D. in- 
dicum tracheids are unpitted tangentially 
and uni- to biseriate. The two species, 
however, show well-marked growth rings 
and very low rays. In D. bengalense Holden 
only secondary wood is known but it is quite 
distinct from D. jhariense. In D. bengalense 
growth rings are remarkably broad, pits are 
usually small, confined to the radial walls 
and are in groups of 2-5. They are in- 
variably opposite. The medullary rays are 
always uniseriate and range from 1 to 20 cells 
in height. The third species, D. zalesskyi 
Sahni, possesses no secretory elements but 
is characterized by the presence of sclero- 
tic nests in the pith. The tracheids show 
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pitting only on the radial walls. Also the 
pits are 1 to 4-seriate and mostly of round- 
ed distant type. D. jhariense resembles the 
three Indian species only in the possession of 
well-marked growth rings, but it is at once 
distinguished from them by the presence of 
secretory sacs in the pith and pits on the 
tangential walls of the tracheids. The latter 
character is known in D. chaneyi Daugherty 
from the Upper Triassic of Arizona. 

Dadoxylon arberi Seward, which is based 
on an Australian specimen, differ from D. 
jhariense in the possession of higher medul- 
lary rays and in the tendency of the bor- 
dered pits to form groups. Another species 
from Australia, Dadoxylon krauseli Sahni, 
also differs from our wood in the occurrence 
of pits only on the radial walls, presence 
of rims of Sanio and high medullary 
rays. 

The Brazilian species Dadoxylon pedroi 
Zeiller resembles Dadoxylon jhariense in the 
possession of secretory sacs in the pith and 
1 to 2-seriate medullary rays. The Brazilian 
species, however, is clearly distinguished 
from our species by the presence of three 
equidistant bays in the pith and_ less 
numerous and less crowded pits on the 
radial walls of the tracheids. 

Thus the present fossil wood differs from 
all the known southern species of Dadoxylon 
and is, therefore, described here under a new 
specific name. 
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EXPLANATION OF PLATE 1 


Dadoxylon jhariense sp. nov. 


1. A part of the stem in transverse section 
enlarged to show the secretory sacs in the pith, 
a continuous ring of primary xylem and part of 
the secondary xylem. x 30. 


_2. A part of secondary xylem in tangential sec- 
tion showing uni- to biseriate and very low medul- 
lary rays. x 90. 

3. A part of the stem showing a well-marked 
growth ring with spring wood comparatively much 
more developed than the autumn wood. x 50. 
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4. Longitudinal radial section through the pith, 
protoxylem and primary xylem. x 100. 

5. Longitudinal tangential section showing round, 
bordered pits on the tangential wall of the tracheids. 
x 400. 

6. Part of radial section enlarged, showing tri- 
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seriate, alternate, 
tracheids. x 400. 
7. Another tracheid in radial section showing 
biseriate, opposite, separate and circular pits. x 400. 
8. Radial longitudinal section showing field pit- 
ting and tracheid pitting. x 400. 


circular pits in spring wood 


STUDIES IN THE DECCAN INTERTRAPPEAN FLORA — 
2. FURTHER OBSERVATIONS ON DRYOXYLON 
MOHGAOENSE RODE 


U. PRAKASH 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The petrified wood of Dryoxylon mohgaoense Rode 
is redescribed here giving further information 
as regards its structure and affinities. The wood 
of D. mohgaoense is nearly related to family Myr- 
taceae and shows a close relationship with the 
flowers of Sahnipushpam glandulosum Prakash 
(1955). The flower Sahnipushpam glandulosum 
and the wood Dryoxylon mohgaoense most probably 
belong to one and the same species. 


INTRODUCTION 


| ties the Deccan Intertrappean Series, 

} so far only two dicot woods have been 

reported. The first, Dryoxylon moh- 
gaoense, was described by Rode ( 1936 ) from 
Mohgaon Kalan. The second was reported 
from the same locality by Varma ( 1950 ) as 
the wood showing resemblance with the wood 
of Sonneratia. 

Recently I have collected a number of 
twigs of Dryoxylon mohgaoense from Moh- 
gaon Kalan ( 22°1’N.; 79°11E.) which give 
further information as to the structure and 
affinities of the fossil. A detailed study of 
the petrified twigs has been made both from 
the transverse and longitudinal sections. 
Some of the sections are coloured due to iron 
oxide enhancing the clarity of the various 
tissues. 


DESCRIPTION 


The twigs of Dryoxylon mohgaoense mea- 
suring 10-14 mm. in diameter were embedded 
in the chert blocks. The twig shows the 
structure of a diffuse-porous wood. 

Pith — It is about 2-4 mm. in diameter 
( PL. 1, Fic. 1) and consists of mostly poly- 
gonal cells ( Pr. FIG 6, Texr-pigs 01). 
However, at one spot the cells show irregular 
outline which may be due to the shrinkage 
of the tissue. 

Primary Xylem — It is not possible to find 
out the number of primary xylem groups. 
The protoxylem elements are recognized in 
the longitudinal sections by their spiral 


pitting (Pr. 1, Fıc. 3) and the metaxylem 


elements by their scalariform pitting ( Pr. 1, 
Fig 2%. 

Growth Rings — Not present. 

Secondary Wood Vessels could not be seen 


distinctly by the naked eye but are visible | 


under a hand lens. The vessels are thin- 
walled, small, moderately numerous ( Pr. 1, 
Fic. 5) and evenly distributed. They are 
round to oval often slightly angular in the 
cross-section ( PL. 1, F1G. 5). The majority 
are solitary and in pairs. The radial groups 
of 3-4 vessels are not infrequent. The 
vessels are mostly empty (PL. 1, Fic. 5) 
but sometimes they are filled with dark 
brown (tanniferous or resiniferous ? ) subs- 
tance. Often the tyloses are also present. 
There is no difference in size of the vessels 
due to seasonal variations. The perforations 
are simple and the perforation plates are in- 
clined to often nearly horizontal in position 
(Pr. 1, Fie. 8). The intervessel pits®are 
well preserved. They are small, vestured 
( Pr. 1, Fic. 7; TEXT-FIG. 2) and arranged in 
several nearly vertical rows. Vessel-paren- 


chyma pits are simple and many per cell. | 


The vessel-ray pits are again simple and 
numerous per cell. 


Wood parenchyma could not be located by | 


the naked eye. However, under the micro- 
scope it is distinctly visible. The paren- 
chyma ( TEXT-FIG. 3 ) is scanty and typically 
paratracheal. It occurs in association with 
some of the vessels. The parenchyma cells 
are more or less round to oval in shape and 
always empty. Pits to parenchyma cells are 
not seen. 

Xylem Rays — Fine and mostly uniseriate 
(Pr. 1, Fie. 8; TEXT-FIG. 4). Very rarely 
local biseriate rays may also be seen in the 
cross-sections. The rays are usually homo- 
geneous (Pr. 1, Fic. 9) and composed of 
upright cells only. However, from a few 
radial sections only some of the rays appear 
to be heterogeneous and composed of 
both upright and procumbent cells. The 
ray cells are thin-walled and often filled 
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TEXT-FIGS. 1-7. 


with some substance (gum-like?) (Pr. 1, 
Fier) 

Wood Fibres — Well preserved and ar- 
ranged in distinct radial rows ( PL. 1, Fic. 5 ) 
in between two consecutive rays. In cross- 
section the fibres are angled, usually rec- 
tangular or polygonal in shape ( TEXT- 
FIG. 5). They are moderately thick-walled, 
non-septate and medium to short in length 
(Pr. 1, Fic. 8). The inter-fibre pits are 
clearly seen on the tangential walls. They 
are fairly large, bordered with usually oblique 
orifice ( TEXT-FIG. 6). 

Phloem — It is about 112 u thick and 
consists of 7-8 layers of cells, sometimes 
arranged in tiers ( PL. 1, Fic. 4). The bast 
fibres are not seen in this region and the 
medullary rays are also not distinct. The 
patches of primary phloem could not be 
detected in any of the sections. 

Cortex — It is about 400 u. thick and con- 
sists of slightly compressed parenchymatous 
cells ( PL. 1, Fic. 4). There are a number of 
groups of stone cells scattered in this region 
( PL. 1, Fic. 4; TEXT-FIG. 7). In addition 
to this a number of secretory cavities or 
spherical sacs (Pr. 1, Fic. 4) of perhaps 
oil, tannin or resin are also found near 
the periphery. These secretory cavities are 
112-152 u in diameter. Towards the exte- 
rior and probably just below the epidermis 
are present a few layers (usually 2-4) of 
slightly thick-walled cells (Pr. 1, Fic. 4) 
which probably form an outer protective 
tissue. 

The epidermis of the twig could not be 
detected in any of the specimens so far 
observed. 

The ripple marks and pith flecks are also 
absent. 

Revised Diagnosis — Pith composed of 
thin-walled polygonal cells. Primary xylem 
present but number of primary xylem groups 
not known. Growth rings not present. 
Secondary wood vessels diffuse, 60-72 per 
millimetre, mostly in pairs and solitary, 


<— 


Text-Fics. 1-7 — 1, cells of the pith region. X 
146-5. 2, vestured intervessel pits. x 373. 3, 
cross-section of the wood showing distribution of 
the scanty paratracheal parenchyma (P); v = vessel; 
y=ray. X 146-5. 4, uniseriate ray with upright cells 
only. x 333. 5, fibres under high magnification ; 
note their alignment, size and shape. x 373. 6, 
magnified inter-fibre pits. x 666.5. 7, group of 
stone cells. x 146:5. 
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sometimes in radial groups of 3-4 round to 
oval, often slightly angular, small to very 
small, 36-80 u, thin-walled, mostly empty; 
tyloses present; perforations simple, inclined 
to nearly horizontal; intervessel pits ves- 
tured and small; vessel-parenchyma pits 
simple, many per cell; vessel-ray pits simple 
and numerous per cell. 

Parenchyma scanty, typically paratra- 
cheal; cells empty, more or less round to 
oval, 14-18 u in diameter; pits not seen. 

Xylem rays moderately numerous, 15-18 
per millimetre; usually homogeneous, some- 
times heterogeneous; fine, mostly uniseriate 
rarely few rays show local biseriate parts, 
10-24 u. in width; 3-36 cells high, 80-1472 u 
in length; ray cells thin-walled, often filled 
with some substance. 

Fıbres moderately thick-walled, arranged 
in radial rows, of short to medium length, 
576-920 u; typically non-septate; inter-fibre 
pits bordered and fairly large. 

Cortex 400 u thick composed of slightly 
compressed cells and with groups of stone 
cells scattered here and there; spherical sacs 
or secretory cavities ( 112-152 u in diameter) 
of perhaps oil, tannin or resin also observed 
near the periphery. 

Phloem consists of a few layers of cells 
sometimes arranged in tiers. 

Locality — Mohgaon Kalan in Chhindwara 
district of Madhya Pradesh. 

Age — Early Tertiary. 

Type Specimen — B.S.I.P. Nos. 5572, 5582. 


COMPARISON AND DISCUSSION 


The present fossil wood differs widely from 
the other Indian species of dicot woods 
( CHOWDHURY, 1934, 1936, 1938, 1942, 1952a, 
1952b; CHOWDHURY & GHOSH, 1946; CHow- 
DHURY & TANDON, 1949, 1952; SEN, 1930; 
RAMANUJAM, 1953, 1954a, 1954b, 1955, 1956; 
VARMA, 1950; NAVALE, 1955). 

From the Deccan Intertrappean Series, 
besides the present species, another dicot 
wood showing resemblance with the wood 
of Sonneratia was reported by Varma ( 1950 ). 
It differs from the present fossil wood in the 
presence of aggregate rays with 1-3 resin 
canals in the body of the ray, and in the 
absence of parenchyma, the vestured inter- 
vessel pits, the secretory cavities and the 
groups of stone cells. 

Comparison with the Living Species — The 
diffuse nature of the vessels coupled with the 
vestured type of intervessel pitting, para- 
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tracheal wood parenchyma and the xylem 
rays, spherical sacs or secretory cavities and 
the groups of stone cells in the cortex are the 


distinguishing characters of the fossil wood. | 


The presence of vestured pits on the vessel- 
walls is a significant feature which has been 


reported in the secondary wood of the genera || 
of about twenty-four dicotyledonous families | 
( BAILEY, 1933; METCALFE & CHALK, 1950, | 


p. 1350). A comparison with these families 
shows that the fossil wood somewhat resem- 


bles families like Lythraceae, Combretaceae | 
However, it differs from | 


and Myrtaceae. 
the members of Lythraceae in having groups 
of stone cells in the cortical region. 


from the fossil by the presence of intraxylary 
phloem and in the low xylem rays ( MET- 
CALFE & CHALK, 1950, pp. 649-654; PEAR- 
son & Brown, 1932). 

The present fossil wood also differs from 
the members of Combretaceae in the presence 
of groups of stone cells in the cortical region. 


However, in Combretaceae (METCALFE & || 


CHALK, 1950, pp. 612-619 ) some stone cells 
or cells thickened only on one side are often 
present in the cork. Besides this the family 
Combretaceae is further distinguished from 
the fossil by the presence of typically abun- 
dant parenchyma which is aliform to con- 
fluent and with some scattered cells among 
the fibres ( METCALFE & CHALK, 1950, 
9. 617 ) except in genera Gutera and Lumnit- 
zera where the parenchyma is scanty and 
paratracheal (loc. cit., p. 619). However, 
in Guiera the vessels are exclusively solitary 
( METCALFE & CHALK, 1950, pp. 617-618 ) 
and the rays are 2-seriate as opposed to 1 to 
2-seriate ( mostly uniseriate ) rays and mostly 
solitary and paired vessels in the present 
fossil wood. On the other hand, in Lumnit- 
zera the vessels have radial multiples of 4 to 
several cells, a character not seen in the 
fossil wood (METCALFE & CHALK, 1950, 
p. 617, Fie. 137B= Gamgre, 1902 a2 
such the families Lythraceae and Combre- 
taceae can be easily eliminated. 

In the-family Myrtaceae the fossil shows 
some resemblance with the genera Eugenia, 
Xanthostemon and Eucalyptus, especially 
with the last one ( METCALFE & CHALK, 1950, 
pp. 620-628; PEARSON & Brown, 1932, 
pp. 549-569; Mort & Janssonius, 1918, 
pp. 383-518; BAKER, 1919, pp. 123-298; 
KANEHIRA, 1924a, p. 12; KANEHIRA, 1924b, 
pp. 33-35; HENDERSON, 1953, pp. 56-58, 
Figs. 286-297). I have also cut and 


The! | 
family Lythraceae is further distinguished | 
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examined the sections of twigs (of more or 
less same diameter) of Eugenia gambolana, 
and a number of species of Eucalyptus, 
e.g. E. crebra, E. tereticornis, E. citridora and 
E. spp. However, the living wood of Xantho- 
stemon could not be examined as it was not 
available. It also does not grow in India 
(GAMBLE, 1902). 

The fossil wood resembles the genus Euca- 
lyptus in the presence of secretory cavities 
and stone cells in the cortex and also in the 
broad characters of the wood. They differ 
markedly from each other in xylem ray 
characters. The xylem rays in Eucalyptus 
are either homogeneous with only procum- 
bent cells or weakly heterogeneous with 1-3 
marginal rows of upright cells (METCALFE & 
CHALK, 1950, p. 627). In the fossil wood, 
the rays are mostly uniseriate (rarely 
locally biseriate ) and composed usually of 
upright cells. 

As the fossil does not resemble with any 
of the living genera of Myrtaceae in all 
respects ( especially in the xylem rays ), it is 
rather premature to say anything definite 
about its affinity at this stage. However, 
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the presence of secretory cavities in the 
cortex of the fossil twig, a character so very 
common and noteworthy among the mem- 
bers of the family Myrtaceae (METCALFE & 
CHALK, 1950, p. 620), is quite striking. 

It appears, therefore, that the fossil wood 
is nearly related to, if not belonging to, the 
family Myrtaceae. 

The presence of identical spherical sacs 
or secretory cavities, both in the flowers of 
Sahnipushpam glandulosum ( PRAKASH, 1955 ) 
and in the present fossil twig, which shows 
relationship with the family Myrtaceae, 
suggests that in the Mohgaon cherts both the 
flowers and the woods of the same species 
may be present. However, no organic con- 
nection between the two has been found. 
The close association of both the flowers and 
twigs in the chert blocks is quite interesting. 
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EXPLANATION 


Dryoxylon mohgaoense Rode 


1. Cross-section of the fossil twig under low 
magnification showing pith, primary and secondary 
xylem and the cortex. x 6.5. 

2. Magnified scalariform pitting. x 380. 

3. Magnified spiral pitting of the protoxylem 
vessels. x 380. 

4. Cross-section of the cortical region (c) and 
phloem tissue (ph). Note spherical sacs or secretory 
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OF PLATE 1 


cavities (s.c.) and islands of stone cells (st) in the | 
cortex. Also note the protective tissue (pr). x 115. 
5. Cross-section of the secondary xylem showing 
size, shape and distribution of the vessels. x 45. 
6. Cells of the pith region. x 91. 
7. Magnified vestured intervessel pits. x 400. 
8. Tangential longitudinal section showing the 
nature and distribution of xylem rays. x 56. 
9. Radial longitudinal section showing the nature 
of xylem rays. x 90. 
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ON TERMINOLOGY IN POLLEN AND SPORE MORPHOLOGY* 
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Palynological Laboratoy, Stockholm-Bromma 
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a result of discussions held at the 

Birbal Sahni Institute of Palaeo- 
botany, Lucknow, in February and March, 
1957. They represent the expression of a 
collective desire to establish terminological 
order, consistency, and simplification in 
pollen and spore morphology. 


I following suggestions are issued as 


APERTURES 


The apertures of the spores ( pollen grains 
or spores according to the context ) are either 
long (length/breadth ratio greater than 2) 
or short ( length/breadth ratio 2 or less than 
2). They are either polar, zonal (i.e. with 
their centre at the equator or at one or 
several lines parallel to the equator), or 
global (i.e. + uniformly spread over the 
surface). Long apertures are known as 
colpi ( unfortunately not a very good term; 
“sulci’’ has older standing and would no 
doubt be better), short ones as port. In 
coining simple terms the Greek prefix cata- 
(down, against) may indicate an aperture 
at the inner ( proximal) pole, the prefix ana- 
(up) an aperture at the outer ( distal) pole. 
A zonal arrangement of the apertures may 
be indicated by the prefix zoni-, a global 
arrangement by pan- (the prefix peri- may 
be misleading ). Spores with long apertures 
are thus either cata-, ana-, zoni-, or pancol- 
pate; spores with short apertures cata-, ana-, 
zoni-, or panporate. If the exact position 
of the aperture(s) is not known, the spores 
are simply referred to as colpate or porate 
(without prefixes). Spores without aper- 
tures are inaperturate. Spores with compo- 
site apertures are denoted by intercalating 
“or” (indicating the presence of an os, 1.e. 
inner part of the aperture ) between the prefix 
and the suffix. Thus zonicolpate spores with 
oriferous colpi are zonicolporate, while pan- 
colpate spores are pancolporate. Spores with 
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a (polar) three-slit aperture are known as 
trichotomocolpate. Catacolpate spores should, 
in accordance with common practice, be 
referred to as 1-lete (monolete) or, if the 
“colpus’”’ (laesura) is three-slit, 3-lete 
( trilete ) 

The terminology thus briefly outlined 
seems to be fairly natural, and at the same 
time, consistent from a morphological point 
of view. Thus monolete, trilete, and cata- 
porate spores are found in mosses and ferns, 
anacolpate and anaporate pollen grains in 
gymnosperms and monocotyledons, zoni- 
and pan-aperturate pollen grains mainly in 
dicotyledonous plants. (N.B. The zonicol- 
pate grains also comprise a not yet sufficiently 
studied type mainly confined to the mono- 
cotyledons and previously described as 
“ sulculate ”.) 

According to these suggestions, the follow- 
ing terms, among others, would be super- 
fluous: hilate (= cataporate), sulcate ( = 
anacolpate), ulcerate (= anaporate), ru- 
gate ( = pancolpate ), forate (= panporate ), 
stephanocolpate ( = zonicolpate in part), 
stephanoporate (= zoniporate in part), 
etc. 


SPORODERM STRATIFICATION 
(based on ordinary light microscopy ) 


The sporoderm consists of perine (in 
certain mosses and ferns only), exine, and 
intine. The exine comprises an inner, usually 
homogeneous layer (nexine), an outer layer 
(sexine) composed of more or less radial 
processes, and one or several layers ( tegillum, 
plur. tegilla ), lying more or less parallel to 
the general surface of the nexine. The pro- 
cesses, which may be classified according to 
their shape (verrucae, gemmae, bacula, pila, 
etc.), either extend from the nexine or 
from the outermost tegillum. In certain 
cases ( bacula) they may have a root in the 
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POLAR 


(distal) 


POLAR 


| rom | 
(proximal) 


Faegri and Iversen 1950 | 1952 
Iversen and Troels-Smith 1950 52102 4568 


monolete 


GLOBAL 


Main subdivisions 


monolete 


trilete 


Bryophytes 
trilete 
Pteridophytes 


hilate 


colpate p.p. sulcate 


anacolpate 
Gymnosperms 


porate p.p. ulcerate 


Monocotyledons 


anaporate 


colpate p.p. 


colpate 
stephanocolpate 


zonicolpate 


porate p.p. 


porate 
stephanoporate 


zoniporate 


pericolpate rugate 


Dicotyledons 
pancolpate 


periporate forate 


colpate 


nexine, protrude as infrategillar elements, 
penetrate (or, in certain cases by amalga- 
mation apparently form) a tegillum, conti- 
nue (if there are two tegilla) as intertegillar 
elements, penetrate the upper tegillum, and 
come to an end with a distal suprategillar 
part. Certain processes (spinae, spinulae ) 
are generally borne on tegilla only. A tegil- 
lum may be defined as a layer (or layers ) 
formed whenever two or more processes 
amalgamate or are united by the deposition 
of material upon and/or between their distal 
parts. 

When a tegillum is present, the tegillum 
and everything connected with its outer 
surface is referred to as ectosexine, whereas 
the supporting bacula, or the layer that may 
be found in their place, are referred to as 
endosexine. Less important, at least at 
present, is the subdivision of the nexine into 
an outer, thicker, and less refracting part 
( ectonexine ) and an inner, thinner, probably 
less resistant, more refracting part ( endo- 
nexine). The last layer may be distinctly 
seen as an individual stratum, e.g. in Epilo- 
bium spp. and other oenotheraceous plants 
( cf. also recently published photomicrographs 
and electron micrographs). A redefinition 
of the terms ectexine (sexine) and endexine 


panporate 


(nexine ) according to a non-morphological 
principle (staining properties ), as suggested 
in the Botanical Review, 1956, should be 
rejected. 

According to the areal extension of the 
tegilla (tegillum ), the sexine is generally 
striate, reticulate, tectate, or insulous ( “ areo- {|| 
late ’’ ), 1.6. forming livae, muri, a tectum, or 
insulae, etc. Lirae have sometimes pre- 
viously been referred to as “ valla”, plur. 
“ vallae ’’ ( this should, however, be vallum, 
plur. valla, from the Latin for a wall). 
Tectum, as here suggested, indicates that the 
pollen grains are provided with a more or 
less unbroken tegillum. 


SIZE 


It does not seem advisable to suggest strict 
rules for calculations of the size. Whenever | 
size figures are given it is, however, important | 
to state which layers, etc., are included. The 
length of spinae and spinulae should, in 
accordance with common practice, be given 
separately. In other cases it generally seems 
preferable to use overall outer dimensions 
(i.e. to include verrucae, gemmae, tegilla, | 
etc.). If, however, the tegillate parts of the 
sexine, or the processes in integillate grains, are 
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neither numerous nor very conspicuous, they 
had perhaps better not be included in the size- 
figures (a statement of how the measurements 
were made should be provided in any case ). 
The aperture classification, as here suggest- 
ed, may, if advisable, serve as a basis for a 
classification of spores (fossil as well as 
recent ) on a uniform basis ( aperture charac- 
ters). A master-key to pollen classes pub- 
lished in Copenhagen, in 1950, undoubtedly 
serves certain practical needs. If, however, 
consistency be strictly observed, several 
classes in that key cannot be unanimously 
accepted. Thus there may be transitions 
from a tetrad to a monad condition, from 
saccate (‘“‘ vesiculate’’) spores to spores 
without sacci, etc. Furthermore, the class 
“dicolpate’’ may take pollen grains and 
spores of various origin and character, such 
as dicotyledons (e.g. certain Acanthaceae ), 
monocotyledons (e.g. Tigridia, Tofieldia, 


and certain palms ) and even pteridosperms. 
A classification on a purely apertural basis, 
as here suggested, should probably prevent or 
at least diminish discrepancies of that kind. 

It should be stressed, in conclusion, that 
the discussions at Lucknow did not aim at a 
system to serve special needs. In their 
routine work oil and coal geologists and others 
may like to have convenient pigeon-holes 
where the pollen grains and other spores 
could be placed. The discussions at Luck- 
now did not consider these lines. The para- 
mount point, it was unanimously felt, was to 
provide a basis for a uniform terminology in 
pollen and spore morphology, a basis by 
means of which spore diagnoses could be pro- 
vided in a lucid, easily understandable way, 
much like ordinary plant diagnoses. The 
contributors of the present note will welcome 
and appreciate any comments and sugges- 
tions. 
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